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ABSTRACT 
 

Tacrolimus is widely used as a primary immunosuppressive agent in patients post 

kidney transplantations. It is characterized by narrow therapeutic index and remarkable 

intra- and inter-individual variability, so close monitoring and achieving therapeutic 

trough levels of tacrolimus are essential to achieve the optimal immunosuppressive 

effect and to limit its toxicity during the early unstable period after transplantation. 

Some genetic polymorphisms in transporter proteins, such as P-glycoprotein encoded by 

ATP-binding cassette sub-family B member 1 (ABCB1) genes in donors and/or 
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recipients appear to be important determinants of tacrolimus pharmacokinetics during 

stable post-transplant period. To the best of our knowledge, there are no previous 

studies that assessed the impact of genetic polymorphism of ABCB1 (MDR1) 2677G>T 

/A in kidney donors on tacrolimus level in Jordanian kidney transplant recipients during 

the early post transplantation period. The objective of this study was to determine the 

role of donors’ ABCB1 G2677T/A polymorphism on tacrolimus dose requirements, 

trough levels and dose-adjusted trough concentrations among Jordanian renal transplant 

recipients during the early, unstable period post transplantation. Donors of those renal 

transplant recipients who were started on tacrolimus post-transplantation (n=53) were 

genotyped for MDR1 G2677T/A using Polymerase Chain Reaction-Restriction 

Fragment Length Polymorphism (PCR-RFLP) analysis. Tacrolimus doses (mg/kg body 

weight), trough concentrations (ng/ml), dose-adjusted trough concentrations (ng/ml per 

mg/kg body weight) were compared among patients according to donors’ allelic status 

for MDR1 (G2677T/A). Demographic features and clinical data were obtained on 

admission and followed for 6 months post transplantation from patients’ records and 

interviews. The results of the current study revealed that of the 53 donors, 28 (52.8%) 

were carriers of GG, 20 (37.7%) of GT, and 5 (9.4%) of TT MDR1 alleles. Trough 

tacrolimus concentrations in recipients of donors carrying at least one T mutant alleles 

(2677TT or 2677GT, serine phenotype) did not differ significantly from trough 

concentration in recipients of donors carrying homozygote wild, 2677GG genotype 

(alanine) during the early 6 months post renal transplantation (P = 0.40, 0.62, 0.42, 

0.60, 0.93, 0.66 for months 1-6, respectively). There were no other significant 

differences between the two donor’s genotype-based groups in comparison to 

recipient’s age, weight, body mass index, albumin serum concentrations, hematocrit 
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xii

levels, calcium channel blockers use, recipient’s and donors’ gender, gender match 

between the donor and the recipient, and corticosteroid dose. 

Conclusion: Donor’s MDR1 gene polymorphism has no impact on trough tacrolimus 

concentration during the early period post-transplantation. To date, the results of studies 

remain controversial and many other factors must be considered to predict variability 

profile of trough tacrolimus levels accurately.
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I. INTRODUCTION 

1. Renal transplantation 

Renal transplantation is the treatment of choice for most patients with end stage renal 

disease (ESRD) (Magee and Pascual, 2004). Murray and co-workers performed the first 

successful kidney transplant in 1954; it was only possible because the donor and 

recipient were monozygotic identical twins (Murray, et al., 2001; Taylor, et al., 2005). 

Successful renal transplantation allows freedom from the lifestyle restrictions and a 

complication associated with dialysis and is, therefore, associated with better quality of 

life. In addition, over the long term, it is more cost-effective than dialysis. Thus, 

transplantation remains the optimal therapy for patients with end stage renal disease 

(Magee and Pascual, 2004).

1.1. Renal transplantation in Jordan 

Renal transplantation started in Jordan at the military hospital in the year 1972. The first 

operation was from a cadaveric donor. At present, there are many renal transplant 

centers in Jordan, all in Amman, which perform almost all renal transplant from living 

related donors. Since the start of the renal transplant program in Jordan, nearly 90% of 

the living related kidney transplant were from first degree blood relatives, 4% from 

second degree relatives and between 5–6% were from spouses. Almost all patients were 

maintained on triple immunosuppressive medications: prednisone, azathioprine, and 

cyclosporine during the 80 s, and later on both tacrolimus and mycophenolate were 

introduced to the regimen. There is less than 10% mortality rate in the treatment 

population. This is due mainly to infection (Said, 1999). 
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1.2. Advance in immunosuppression 

Until the 1980s, the conventional immunosuppressive therapy consisted of azathioprine 

and corticosteroids. Throughout years, much effort has been done to prevent graft 

rejection and to improve patient outcomes. This improvement essentially results from 

the discovery of new class of immunosuppressive drugs, calcineurin inhibitors (CNIs) 

(Thervet, et al., 2008).  Cyclosporine A, a calcineurin inhibitor (CNI), was introduced in 

renal transplantation in early 1980s. The major advantage was a reduction in the 

incidence of acute rejection and improvement in 1-year graft survival. Consequently, in 

combination with corticosteroids and azathioprine, cyclosporine became the standard 

immunosuppressive agent (Cheung, et al., 2007). 

In the mid-1990s, tacrolimus, with a strong immunosuppressive effect was developed as 

an alternative to cyclosporine (Berloco, et al., 2001; Kim, et al., 2004). Several studies 

reported an increased graft survival in patients using tacrolimus as initial 

immunosuppressive treatment. Moreover, tacrolimus is associated with less 

hypertension and hyperlipidemia, thereby, improving the cardiovascular risk profile 

(Berloco, et al., 2001; Margreiter, 2002).  

The use of the triple therapy (tacrolimus, mycophenolate mofetil and steroids) was later 

suggested to play a critical role in improved clinical outcomes (Borrows, et al., 2004;

Ciancio, et al., 2004). This regimen was associated with an excellent patient and graft 

outcomes, with low incidence of side effects and an eventual impact in long-term graft 

survival (Borrows, et al., 2004; Sun, et al., 2006). 

 

1.3. Rejection 

Rejection occurs when the body recognizes that the transplanted kidney is not its own 

and mobilizes the immune system to fight against it (Thervet, et al., 2008). Rejection is 
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the commonest cause of early and late transplant dysfunction. There is a great variation 

in severity of rejection episodes and the response to treatment for them (Kalble, et al,

2005).  

Graft rejection has been categorized into three subsets (hyper-acute, acute and chronic) 

depending on the onset of graft destruction (Matthew H., 2004). 

 

1.3.1. Hyper acute rejection 

 Hyper acute rejection is the very early graft destruction, usually within the first 48 

hours. It occurs when preformed antibodies are present in the recipient's serum and are 

specific for donor antigens expressed on graft vascular endothelial cells (Matthew H., 

2004).  

 

1.3.2. Acute rejection 

Acute rejection has an onset of five days to three months after transplantation (Matthew 

H., 2004). Generally acute rejection is reversible, especially if treated (Johnson and 

Schoder, 2005). A high dose corticosteroid is considered the first line therapy (Taberad 

and Dupuis, 2005), increasing doses of current immunosuppressant, or adding a more 

potent immunosuppressive agent to clinical protocols is alternatives to treat acute 

rejection episodes (Alakulppi, et al., 2004). 

 

1.3.3. Chronic rejection 

Chronic rejection is a progressive decline in kidney function over time and it is the most 

common cause of graft loss (Taberad and Dupuis, 2005). It occurs months to years after 

transplantation (Matthew H., 2004). It is heralded by proteinuria and hypertension, with 
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a simultaneous or delayed rise in serum creatinine level over months. The main 

differential diagnosis is chronic nephrotoxicity (Kalble, et al, 2005). 

While most cases of acute rejection can be treated effectively, none of the currently 

available therapies prevents or changes the course of chronic rejection (Johnson and 

Schader, 2005).  

 

1.4. Individualizing immunosuppressive drug therapy 

The establishment of an individualized immunosuppressive therapy for organ transplant 

patients is essential to improve the graft survival (Li, et al., 2007). The main concern 

regarding the immunosuppressive drugs is their narrow therapeutic indices. 

Subtherapeutic blood concentrations are associated with an increased risk of acute 

rejection, while overdosing may increase the risk of over-immunosuppression, with 

subsequent increased risk of toxicity, indicating that the immunosuppressant dosage 

needs to be individualized (Cheung, et al., 2007). 

Pharmacogenetic and pharmacogenomic research, studying the effects of genetic 

polymorphisms on drug disposition and action, holds promise to produce useful clinical 

tools for individualizing immunosuppressive therapy (Jonge and Kuypers, 2008).  

 

2. Calcineurin inhibitors 

Calcineurin inhibitors (CNIs) are considered the mainstay of immunosuppression in 

renal transplantation. Cyclosporine and tacrolimus are currently the most widely used 

immunosuppressants for prevention of acute rejection following kidney transplantation 

(Kramer, et al. 2005). CNIs improved renal allograft survival, especially by reduction of 

the acute rejection rate in the first year after transplantation (Hariharan, et al. 2000).  

The experience gained from the laboratory and clinical use of cyclosporine and 
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5

tacrolimus has greatly advanced our knowledge about the nature of many aspects of 

immune response. However, the clinical practice still struggles with the shortcomings of 

these drugs: the significant inter- and intra-individual variability of their 

pharmacokinetics, the unpredictability of their pharmacodynamic effects, complexity of 

interactions with other agents in transplant recipients (Kapturczak, et al., 2004) as well 

as their early and long-term side effects such as nephrotoxicity (Sommerer, et al. 2002; 

Nankivell, et al. 2004). 

 

2.1. Mechanism of action of CNIs 

CNIs interfere with two distinct mechanisms of T- cell activation which are calcineurin-

dependent and calcineurin-independent mechanisms (Kapturczak, et al., 2004). 

 

2.1.1. Calcineurin- dependent mechanism of action 

CNIs exert their cellular effects through binding to proteins called immunophilins. 

Tacrolimus binds to the 12 kDa FK506- binding protein (FKBP-12), the predominant 

tacrolimus binding immunophilin. The binding of tacrolimus to its respective 

immunophilin enhances the immunophilin’s affinity to calcineurin. Formation of such a 

complex results in its binding to and inhibition of calcineurin. In the process of T-cell 

activation; calcineurin, which is a calmodulin-activated serine phosphatase, associates 

with and dephosphorylates inactive nuclear factor of activated T cells (NFAT). This 

leads to NFAT translocation to the nucleus and, in association with other transcription 

factors like activator-protein (AP-1), initiation of downstream events involved in T-cell 

activation. NFAT participates in transcriptional activation of interleukin-2 (IL-2), IL-4, 

and CD40L. The CNI-immunophilin complexes inhibit calcineurin activity, and, hence, 

prevent nuclear translocation of NFAT and cytokine gene transcription. The net result is 
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that CNIs block the production of cytokines such as IL-2 and inhibit T cell activation 

and proliferation (Taylor, et al., 2005); (Figure 1). 

 

2.1.2. Calcineurin-independent mechanism of action 

Both cyclosporine and tacrolimus have been noted to suppress the immune response in 

calcineurin-independent manner. Indeed, cyclosporine and tacrolimus interfere not only 

in the calcineurin/NFAT pathways but have been shown to block both the Jun N 

terminal kinase and p38 signaling pathways. These pathways are necessary for 

activation of AP-1 among other transcription factors. The interference with two distinct 

mechanisms of T cell activation contributes to the high specificity of 

immunosuppressive properties of calcineurin inhibitors (Kapturczak, et al., 2004). 

 

Figure 1: A schematic model of cyclosporine and tacrolimus mode of 
immunosuppressive action, CyP, cyclophilin; FKBP, FK506-binding protein; NFAT, 
nuclear factor of activated T cells; IL, interleukin (Yano, 2008). 
 

2.2 . Tacrolimus 

In the early 1980s scientists at Fujisawa Pharmaceuticals began testing fermented 

Streptomyces broths for their specific inhibitory properties on mixed lymphocyte 

cultures. The screening resulted in discovery of a soil fungus named Streptomyces 
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7

tsukubaensis in 1984, which produced a potent immunosuppressant given a code FK506 

and later named tacrolimus (Figure 2). Initially, tacrolimus was evaluated in liver 

transplantation, and the FDA approved it for the prevention of liver transplant rejection 

in 1994 (Kapturczak, et al., 2004).  Subsequently, its use was expanded onto 

transplantation of other organs such as heart, small bowel, pancreas, bone marrow, lung 

and kidney (Staatz and Tett, 2004), as well as treatment of atopic dermatitis as a topical 

formulation (Kapturczak, et al., 2004). 

 
Figure 2: Chemical structure of tacrolimus (Kapturczak, et al., 2004). 

2.2.1. Pharmacokinetics 

Tacrolimus demonstrates considerable inter- and intra-individual variability in its 

pharmacokinetics. Some information is now available on the factors that affect the 

pharmacokinetics of this immunosuppressant (Staatz and Tett, 2004). 

 

2.2.1.1. Absorption 

Large variability in the rate of absorption and absolute bioavailability of orally 

administered tacrolimus has been reported (Staatz and Tett, 2004). Bioavailability is 

poor (mean approximately 25%, but can range from 5% to 93%). Reduced 
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8

bioavailability has been reported in patients awaiting renal transplantation, in diabetic 

patients and following administration of food with a moderate fat content (Williams, et 

al., 1996). In most patients tacrolimus is absorbed rapidly with peak plasma/blood 

concentrations obtained in 0.5-1 hour. The poor aqueous solubility of tacrolimus and 

alterations in gut motility in transplant patients may be partially responsible for poor 

and erratic drug uptake (Staatz and Tett, 2004). 

Pre-systemic metabolism of tacrolimus by gastrointestinal cytochrome P450 (CYP) 3A 

iso-enzymes and removal by P-glycoprotein transport is extensive. P-glycoprotein 

lowers the intracellular concentration of tacrolimus by pumping absorbed drug back out 

into the intestinal lumen, it may also regulate access of tacrolimus to CYP3A enzymes 

and prevents these enzymes from being overwhelmed by high drug concentrations in the 

intestine (Williams, et al., 1996). 

 

2.2.1.2. Distribution 

Following intestinal absorption, tacrolimus redistributes in blood primarily to 

erythrocytes. The whole-blood concentrations are, therefore, 10 to 30 times higher than 

those of plasma (Kapturczak, et al., 2004). The uptake of tacrolimus by erythrocytes is 

concentration dependent, resulting in lower blood: plasma ratios at higher 

concentrations (Staatz and Tett, 2004). Approximately 99% of tacrolimus in plasma is 

bound; it is principally associated with α1-acid glycoprotein, lipoproteins, globulins and 

albumin. Partitioning of tacrolimus between erythrocytes and plasma is dependent on 

the hematocrit, tacrolimus concentration, temperature of the sample and plasma protein 

concentration (Williams, et al., 1996). Tacrolimus is distributed extensively in the body, 

as evidenced by a volume of distribution as estimated from plasma data to be more than 
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20L/kg, indicating that the majority of the drug is outside the blood compartment, i.e. in 

the tissue (Kapturczak, et al., 2004). 

 

2.2.1.3. Metabolism 

Tacrolimus is mainly metabolized by CYP3A iso-enzymes in the liver and intestinal 

wall. Expression of these enzymes varies widely. The CYP3A subfamily consists of at 

least four isoforms: CYP3A4, CYP3A5, CYP3A7 and CYP3A43; as these isoforms 

have overlapping substrate specificity; it is difficult to segregate their relative 

contributions to the metabolism of tacrolimus (Staatz and Tett, 2004). CYP3A4 

accounts for approximately 30–40% of the total CYP content in the human liver and 

small intestine and its expression is highly variable between individuals (Williams, et 

al., 1996). CYP3A5 is generally expressed at a much lower level than CYP3A4 in the 

liver but appears to be the main CYP3A isoform in the stomach and esophagus, its 

expression is polymorphic, with individuals exhibiting a relatively high or low level of 

expression (Staatz and Tett, 2004). CYP3A7 is expressed at high levels in fetal liver. 

More recently, c-DNA clones for a fourth CYP3A member, CYP3A43, have been 

isolated from the liver (Williams, et al., 1996).  

Little is known about the substrate specificity of tacrolimus (Staatz and Tett, 2004). The 

exact number of metabolites is not known, the main pathways include demethylation 

and hydroxylation with main metabolite being 31-O-demethyl tacrolimus, which also 

possesses immunosuppressive activity (Kapturczak, et al., 2004). 

 

2.2.1.4. Clearance 

Low albumin or hematocrit levels in the early post-transplant period result in a higher 

unbound fraction and increased clearance of tacrolimus. In kidney transplant patients, 
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total body clearance is estimated to be around 6.8 L/h during the immediate post-

transplant period. Changes in clearance later after transplantation have been shown to 

correlate with hematocrit and albumin levels, and the corticosteroid dose post-transplant 

(Kapturczak, et al., 2004; Dai, et al., 2006). Renal excretion accounts for slightly more 

than 2% of administered dose with less than 1% contribution of the parent drug 

(Kapturczak, et al., 2004). 

Pharmacokinetic characteristics of tacrolimus in renal transplant recipients are shown in 

Table 1. 

 

Table 1: Tacrolimus pharmacokinetic parameters in kidney transplant recipients 
(Venkataramanan, et al., 1995). 

Parameter Tacrolimus 

Absorption half life (h) (range) 0.06-3.5 

Time to C max, t max (h) (range) 0.5-6 

C max at steady state, (micro g/L) (range) 0.1-0.8 

Bioavailability, F (%) (range) 4-89% 

Urinary excretion of unchanged drug (%) <1% 

Elimination half life (h) (range) 4-41 

Total body clearance (L/h/kg) (range) 0.6-5.4 

2.2.2. Non-genetic factors affecting the pharmacokinetics of tacrolimus 
 

2.2.2.1. Age 

Numerous studies already demonstrated that pediatric transplant recipients require two 

to four fold higher tacrolimus doses than adults to maintain similar trough 

concentrations. The higher tacrolimus doses required in pediatric patients have been 

attributed to differences in cytochrome P450 3A although differences in bowel length, 

hepatic blood flow and P-glycoprotein expression also need to be considered (Williams, 

et al., 1996). It is unclear whether intestinal CYP3A expression changes in parallel with 
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hepatic CYP3A expression during human maturation. It is not known whether P-

glycoprotein expression changes with age (Staatz and Tett, 2004).  

 

2.2.2.2 Race 

African-American transplant patients require higher tacrolimus dosages (mg/kg) than 

Asians (Chinese or Japanese) and Caucasians. Moreover, bioavailability was 

significantly reduced among black patients (9.9% versus 19%). The differences between 

ethnic groups may result from racial differences in intestinal CYP3A or P-glycoprotein 

activity (Williams, et al., 1996). 

2.2.2.3. Hematocrit and albumin concentrations 

Hematocrit and albumin concentrations are generally lower in kidney transplant patients 

immediately post-surgery and increase significantly as the patient recovers. Since 

tacrolimus is strongly bound to red blood cells and serum albumin, low hematocrit and 

albumin concentration will result in a reduction in total drug concentration in whole 

blood. In such a situation, whole blood drug clearance appears to increase, while 

unbound drug clearance should remain the same (Staatz and Tett, 2004). Increasing in 

hematocrit and albumin concentrations later after transplantation will change clearance 

of tacrolimus and, therefore, during maintenance therapy, lower doses of tacrolimus are 

required to achieve similar target blood levels (Kapturczak, et al., 2004). 

 

2.2.2.4. Time after transplantation 

Adult patients who underwent organ transplantation have a decrease in the dosage of 

tacrolimus required to maintain similar trough concentrations with increasing time post-

transplant. A generally considered cause for the decrease in the tacrolimus dosage is a 

decrease in the tacrolimus clearance with time (Williams, et al., 1996). 
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2.2.2.5. Corticosteroid dosage 

The concomitant use of corticosteroids, which may induce CYP3A iso-enzymes, also 

has the potential to influence the tacrolimus elimination (Williams, et al., 1996). In a 

study of 303 renal transplant recipients, there was a significant correlation between the 

mean oral corticosteroid dosage and the tacrolimus clearance during month’s 2-12 post-

transplant which indicates that corticosteroids increase the tacrolimus metabolism 

(Undre, et al., 1999). Another study of liver transplant recipients demonstrated an 

opposite effect (Jain, et al., 1993). 

 

2.2.2.6. Patient population 

A higher tacrolimus clearance was found for adult renal transplant recipients compared 

to liver transplant recipients and healthy volunteers. The presence of low hematocrit and 

albumin concentrations and differences in corticosteroid dosage may be partly 

responsible for this observation (Chou, et al., 2001).  

 

2.2.2.7. Hepatic dysfunction 

Poor liver function can decrease tacrolimus clearance up to 67% and increase the 

elimination half-life threefold (Jain, et al., 1993). However, tacrolimus clearance has 

been reported to be similar between healthy volunteers and patients with mild hepatic 

impairment (Bekersky, et al., 2001). 

2.2.2.8. Administration of food 

The effect of food on the oral absorption of tacrolimus appears to be dependent on its fat 

content and relative time of administration. Preliminary research indicated that co-

administration of low-fat food had minimal effect on the extent of absorption, but 
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delayed the time to reach C-max (Staatz and Tett, 2004). The study of effect of meal-

timing on the tacrolimus absorption found that in the fasting state tacrolimus had a 

significantly greater relative bioavailability than all other treatments (Bekersky, et al.,

2001). 

 

2.2.2.9. Drug interactions 

After oral administration, there are several factors involved in absorption of the drug 

which all can be the target of drug interactions: delivery to the intestine (pH, gastric 

emptying and food), absorption from the intestinal lumen (dissolution and lipophilicity), 

intestinal metabolism, active intestinal drug efflux pumps, and subsequent hepatic first 

pass extraction (Williams, et al., 1996). The interaction of the tacrolimus with many 

drugs commonly used in kidney transplant patients demands constant attention due to 

narrow therapeutic index of this drug. Since tacrolimus is a substrate for cytochrome 

P450 enzymes and P-glycoprotein (P-gp), it is anticipated that drugs that inhibit or 

induce cytochrome P450 or P-gp will affect its level (Venkataramanan, et al., 1995).  

 

2.2.3. Adverse drug reactions 

Adverse reactions of tacrolimus tend to occur most frequently in the first few months 

after transplantation and decrease with time possibly in line with reductions in 

tacrolimus concentration (Williams, et al., 1996, Pirsch, et al., 1997); (Table 2). 

Bulatova, et al. (2011) have recently studied adverse effects in Jordanian renal 

transplant recipients who received tacrolimus-based immunosuppression and found high 

prevalence of hypertension (83%), hyperlipidemia (53%), anemia (51.5%), neurologic 

toxicity (45%), and post-transplant diabetes mellitus (27%).  

 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



14 

 

Table 2: Tacrolimus adverse reactions (modified from Vicari-Christensen, et al.,
2009) 

System Adverse reaction Frequency, % 

Cardiovascular Hypertension 38-89 

Electrolytes / Metabolic

Hyperglycemia 
Hyperkalemia 
Hypokalemia 
Hypophosphatemia 
Hypomagnesaemia 
Hyperlipidemia 

22-70 
8-45 
13-29 
49 
16-48 
31 

Gastrointestinal 

Diarrhea 
Nausea 
Anorexia 
Constipation 
Vomiting 
Dyspepsia 
Abdominal pain 

37-72 
32-46 
34 
23-35 
14-29 
28 
29-59 

Hematologic 

Anemia 
Leukocytosis 
Thrombocytopenia 
Leukopenia 

5-65 
32 
24 
48 

Neurologic 

Headache 
Tremor 
Insomnia 
Paresthesia 
Dizziness 

37-64 
15-56 
32-64 
17-40 
19 

Renal Nephrotoxic effects 
Urinary tract infections 

52 
16-34 

Respiratory Pleural effusion 
Dyspnea 

30-36 
5-29 

2.2.4. Therapeutic drug monitoring and dosage 

Considering the variability of the pharmacokinetic properties of tacrolimus among 

individuals and its narrow therapeutic index, drug monitoring is necessary to ensure 

appropriate immunosuppression and to avoid toxic effects (Scott, et al., 2003).   

Achieving therapeutic trough levels is of critical importance, especially during the 

initial period after transplantation, which is characterized by the highest risk of organ 

rejection. Practically, tacrolimus doses are adjusted according to the whole-blood trough 
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concentrations measured 12 h post-dose, just before the next dose (Co)

(Venkataramanan, et al., 1995).    

The frequency of blood level monitoring should be based on clinical needs. As 

tacrolimus is a low clearance drug, it needs several days before adjustments to the drug 

dosage regimen are reflected in blood levels. Blood trough levels should be monitored 

approximately twice weekly during the early post-transplant period and then 

periodically during maintenance therapy (Taylor, et al., 2005). Enzyme-linked 

immunosorbent assay (ELISA), micro particle enzyme-linked immunoassay method 

(MEIA) and enzyme multiplied immunoassay technique (EMIT) are used clinically for 

monitoring tacrolimus (Venkataramanan, et al., 1995). 

Dosage and target concentration recommendations for tacrolimus vary from center to 

another, and large pharmacokinetic variability makes it difficult to predict what 

concentration will be achieved with a particular dose or dosage change (Staatz and Tett, 

2004).   In the selection of the best immunosuppressive protocol, individual drug related 

toxicity, recipient-related risk factors and donor organ characteristics need to be taken 

into consideration (Venkataramanan, et al., 1995). Current tacrolimus dosage 

recommendations for typical starting dose in kidney transplant is 0.15–0.3 mg/kg/day in 

two divided doses, 12-hourly orally (Staatz and Tett, 2004).    

Therapeutic ranges have not been based on statistical approaches. Therapeutic ranges of 

tacrolimus after kidney transplantation are reported as a range for various times after 

transplant: 0-1 month, 15-20 µg/L; 1-3 months, 10-15 µg/L; and more than 3 months, 5-

12 µg/L (Staatz and Tett, 2004). A recent comprehensive review by a European working 

group in solid organ transplantation provides evidence for target levels in different types 

of transplantation (Wallemacq, et al., 2009).    
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Protocols from manufacturing company “Hikma” of recommended blood levels of 

tacrolimus and guide for adjustment during the early period post transplantation are 

presented in Tables 3 and 4. 

 

Table 3: Recommended blood levels of tacrolimus (Pocket guideline of Prograf® 
recommendations from Hikma, manufacturing company of Prograf® (Tacrolimus) in 
Jordan)

Blood level (ng/ml) Time post-transplantation 

15 – 20 0 - 14 days 

10 – 15 15 - 28 days 

7- 10 Week 4 – month 6 

Table 4: Tacrolimus dose adjustment during dose titration (Pocket guideline of 
Prograf® recommendations from Hikma, manufacturing company of Prograf® 
(Tacrolimus) in Jordan)

Action Blood level (ng/ml) 

Double the dose < 5 

Increase the dose by 20% to 40% 5 – 10 

Reduce the dose by 20% - 40% 20 – 30 

Reduce the dose by 50% or more 30 – 40 

Skip the evening dose and on the next day, 
reduce the dose by 50% > 40

3. ABCB1 (P-GLYCOPROTEIN/MDR1) 

P-glycoprotein (Pgp) is a large trans-membrane protein of 170 kD that functions as an 

energy-dependent pump transporting a variety of compounds extracellularly. It belongs 

to the large ATP binding cassette transporter family and is defined as ABCB1. Pgp is 

composed of 1280 amino acids forming two analogous halves with 43% sequence 

homology. Two domains interact to form a functional transporter; each part is 
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composed of six transmembrane α-helices and a nucleotide binding domain (NBD) 

(Figure 3).  

 

Figure 3: Schematically depicted primary structure of P-glycoprotein. Arrows 
represent known SNPs and their relation to the structure of the protein (Pechandova, el 
al., 2006).

NBD is a highly conservative area within the ABC transporter family that is involved in 

binding of ATP and hydrolysis of ATP to release energy, which is utilized for active 

uphill transport. The shape of Pgp reminds a cylinder with a maximal height of 8 nm 

and 10 nm in diameter (Higgins, et al., 1997; Rosenberg, et al., 1997).  

P-gp is widely expressed in tumor cells, but also on the apical surface of epithelial cells 

of the intestine, biliary canalicular membrane of hepatocytes, on the luminal surface of 

the capillary cells forming the blood brain barrier, in brush border membranes of 

proximal tubules in the kidney, in the adrenal cortex and in placenta (Kerb, et al., 2001; 

Sakaeda, et al., 2002; Leonard, et al., 2003). P-gp serves as a barrier against entry of 

compounds into the body, as well as from entering tissues (Figure 4).  
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Figure 4: Three-dimensional presentation of the P-glycoprotein efflux pump in a 
bilayer membrane (Brinkmann and Eichelbaun, 2001). 
 

The substrate specificity of the P-glycoprotein is extremely wide. List of P-gp substrates, 

inducers, and inhibitors is provided in Table 5. P-gp participates in removal of drugs from 

the organism. Because of that, genetic variations that alter protein function or expression 

of P-gp can substantially affect intestinal absorption, elimination, and penetration of 

drugs into brain, germ cells, and the fetus (Kotrych, et al., 2007). 

 

Table 5: Substrates, inducers and inhibitors of MDR1 (modified from Zhou, 2008) 

Substrates Inducers Inhibitors 

Anticancer agents
Daunorubicin 
Docetaxel 
Etoposide 
Irinotecan 
Mitoxantrone 
Paclitaxel 
Vincristine 
Antihypertensive agents
Diltiazem 
Losartan 
Anti-arrhythmics
Digoxin 
Quinidine 
Verapamil 
Antimicrobial agents
Doxycycline 
Erythromycin 

Amiodarone 
Bromocriptine 
Chlorambucil 
Cisplatin 
Clotrimazole 
Colchicine 
Cyclosporine 
Daunorubicin 
Dexamethasone 
Diltiazem 
Doxorubicin 
Erythromycin 
Etoposide 
Flurouracil 
Hydroxyurea 
Insulin 
Methotrexate 
Midazolam 

Amiodarone 
Astemizole 
Atorvastatin 
Bromocriptine 
Carvedilol 
Chlorpromazine 
Clarithriomycin 
Cyclosporine 
Diltiazem 
Dipyidamole 
Erythromycin 
Felodipine 
Fluoxetine 
Itraconazole 
Ketoconazole 
Midazolam 
Paroxetine 
Progesterone 
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Itraconazole 
Ketoconazole 
Levofloxacin 
Rifampin 
Tetracycline 
Anticonvulsants
Phenobarbital 
Phenytoin 
H2-antagonists
Cimetidine 
Ranitidine 
Immunosuppressants
Cyclosporine 
Sirolimus 
Tacrolimus 
Steroid hormones
Aldosterone 
Dexamethasone 
Methylprednisolone 

Mitoxantrone 
Nifedipine 
Phenobarbital 
Phenytoin 
Reserpine 
Rifampicin 
St John’s wart 
Tacrolimus 
Tamoxifen 
Verapamil 
Vinblastine 
Vincristine 
 

Propafenone 
Quinidine 
Quinine 
Reserpine 
Ritonavir 
Sertraline 
Tacrolimus 
Tamoxifen 
Verapamil 
Vinblastine 

4. Pharmacogenetics and pharmacogenomics 

Both terms are synonymous for all practical purposes; pharmacogenetics assesses the 

relationship between polymorphisms of a single gene and the pharmacokinetic and 

pharmacodynamic behavior of a drug, whereas in pharmacogenomics more complex 

models of genetic variability are used to analyze how the individual's genomic 

composition as a whole affects drug behavior. The latter approach assesses the 

contribution of multiple genes, as well as gene-to-gene interactions, and is theoretically 

the most promising approach (Jonge and Kuypers, 2008; Mourad, et al., 2008). 

Evolving areas of interest include how polymorphisms in genes that encode 

metabolizing enzymes, drug transporters, and drug targets can be used to predict inter-

individual variations in drug response and how this information can be used to 

individualize therapy. In spite of advances in the sciences of pharmacokinetics and 

pharmacodynamics toward individualization of patient drug therapy, most of drug 

therapy today is still done by protocol that does not consider individual patient 

variations (Wavamunno and Chapman, 2008). 
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4.1. Genetic polymorphism 

Genetic polymorphism is the occurrence together in the same population of more than 

one allele or genetic marker at the same locus with the least frequent allele or marker 

occurring more frequently than can be accounted for by mutation alone (Mathew, 2010).  

On the other hand, single nucleotide polymorphism (SNP) can be defined as DNA 

sequence variations that occur when a single nucleotide (A, T, C, or G) in the genome 

sequence is altered. Each individual has many single nucleotide polymorphisms that 

together create a unique DNA pattern for that person (Daly, 2010). 

On the basis of their location in the genome, SNPs can be classified as random SNPs 

(most common SNPs found in intergenic deoxyribonucleic acid region or in the introns 

of genes), coding SNPs (found in the exons representing the translated regions of a 

gene), and non-coding SNPs (found outside the translated regions of a gene such as the 

promoter and 5' and 3' un-translated regions), Of specific interest to pharmacogenetics 

are coding SNPs because they can result in encoded amino acid changes. Non-

synonymous SNPs refer to polymorphisms that result in amino acid changes, whereas 

synonymous SNPs do not lead to amino acid changes (Marzolini, et al., 2004). 

 

4.2. MDR1 G2677T/A SNP 

The MDR1 gene, which encodes P-gp, is located on the long arm of chromosome 7 and 

consists of 28 exons (Balarm, et al., 2003). More than fifty SNPs have been reported in 

the MDR1 gene (Ishikawa, et al., 2004); (Table 6). 

The first genetic polymorphism identified in the MDR1 gene was G2677T (Mickley, et 

al., 1998). This SNP at exon 21 in position 2677 is of particular interest because it has 

significant pharmacological effects and is associated with alteration of P-gp expression 
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and/or function (Eichelbaum, et al., 2004). It can result in 2 distinct amino acid changes, 

namely, Ala893Ser (G2677T) and Ala893Thr (G2677A); (Hoffmeyer, et al., 2000).  

Impact of the G2677A/T mutation on ribosome stalling could be caused by a non-

synonymous polymorphism. Biochemical analysis has confirmed that mutation from 

alanine to serine or threonine may alter drug transport (Sakurai, et al., 2007). The 

evidence suggests that this mutation likely affects drug-induced ATP-ase activity (Fung 

and Gottesman, 2009). 

 

Table 6: Summary of Genetic Polymorphisms in MDR1 (Toshiyuki S, et al., 2002).  
Position Location Effect 
A1a/-41G 
C-145G 
.T-129C (T12C) 
C-4T 
G-1A 
A61G 
G5/-25T 
G5/-35C 
T307C 
C6/+139T 
A548G 
G1199A 
C1236T 
C12/+44T 
C1474T 
T17/-76A 
A17/+137G 
C2650T 
G2677(A,T) 
 
A2956G 
G2995A 
A3320C 
C3396T 
T3421A 
C3435T 
G4030C 
A4036G 

Intron 
Exon 1a 
Exon 1b 
Exon 2 
Exon 2 
Exon 2 
Intron 
Intron 
Exon 5 
Intron 
Exon 7 
Exon 11 
Exon 12 
Intron 
Exon 13 
Intron 
Intron 
Exon 21 
Exon 21 
 
Exon 24 
Exon 24 
Exon 26 
Exon 26 
Exon 26 
Exon 26 
Exon 28 
Exon 28 

Noncoding 
Noncoding 
Noncoding 
Noncoding 
Noncoding 
Asn21Asp 
 

Phe103Leu 
 
Asn183Ser 
Ser400Asn 
Silent 
 
Arg492Cys 
 

Silent 
Ala893Thr (G2677A) 
Ala893Ser (G2677T) 
Met986Val 
Ala999Thr 
Gln1107Pro 
Silent 
Ser1141Thr 
Silent 
Silent 
Silent 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



22 

 

The allelic frequency of MDR1 SNPs varies widely among different ethnic groups 

(Hoffmeyer, et al. 2000). In general, MDR1 SNPs are found in all studied populations 

(Cavaco, et al. 2003; Kaya, et al. 2005; Pechandova, et al., 2006), and the chance of 

carrying a particular mutant allele is higher in some populations (Zhou, 2008). African-

Americans have relatively low G2677T allelic frequency (10%) than other populations, 

while Caucasian (42–46%), Mexican-American (40%), and Asian-American (45%) are 

more likely to carry this mutant allele (Chinn and Kroetz, 2007). Overall, the presence 

of the corresponding wild-type alleles is more frequent than that of mutant alleles 

(Schaeffeler, et al., 2001). 

 

4.3. MDR1 Polymorphisms and Tacrolimus pharmacokinetics   

The association of SNPs with protein expression or changes in kinetics of MDR1 

substrates indicates that it is a major determinant in the absorption, distribution, and 

elimination of drugs (Eichelbaum, et al., 2004). Studies have shown that there is a 

significant association of the donor’s MDR1gene polymorphism with the trough level of 

tacrolimus in liver transplant recipients during the first 2 weeks after surgery (Hosohata, 

et al., 2009), and the recipient’s MDR1gene polymorphism with the trough level of 

tacrolimus in renal transplant patients on day 28 after transplant  (Tsuchiya, et al.,

2004). The most important relation was noted for the exon 21 2677G (T/A) SNP. The 

tacrolimus dose requirement was 40% higher and the concentration/dose ratio was 36% 

lower in homozygous mutant than wild-type carriers in renal transplant recipients at 1 

month post transplantation (Anglicheau, et al., 2003). On the other hand, there was no 

association between 10 SNPs of the MDR1 gene and the tacrolimus concentration/dose 

ratio during the first postoperative days after liver transplantation (Goto, et al., 2004). 
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Table 7 summarizes studies regarding relation between MDR1 G2677T/A 

polymorphisms and tacrolimus pharmacokinetics. 

Understanding the pharmacogenetics of tacrolimus may enable individualized 

therapeutic dosing, resulting in adequate immunosuppression with minimization of 

adverse reactions, and, ultimately, may result in greater allograft survival (Vicari-

Christensen et al., 2009). 
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Table 7: Summary of studies concerning relation between MDR1 G2677T/A polymorphisms and tacrolimus pharmacokinetics

Study Population studied Effect

Studies that demonstrated lack of MDR1 G2677T/A polymorphisms impact on tacrolimus pharmacokinetics

Zheng, et al.,
2003

14 Caucasian and 3 African
American pediatric heart
transplant recipients.

No significant differences in tacrolimus blood level per dose/ kg/ day between recipient’s
MDR1 G2677T and C3435T genotype at 3 months, but both were found to have a
significant association with tacrolimus blood level per dose/ kg/ day at 6 and 12 months,
recipients with CC and GG required a higher dosage of tacrolimus to achieve similar blood
levels compared with CT/TT or GT/TT recipients.

Studies that demonstrated impact of MDR1 G2677T/A polymorphisms on tacrolimus pharmacokinetics

Wang, et al.,
2005

86 Chinese adult renal transplant
recipients

Recipient’s MDR1 G2677T/A, C3435T polymorphism are correlated with the whole blood
concentration of tacrolimus. To obtain the similar blood concentration, the recipients with
GG and CC should take the drug at a higher dose than those with CT and TT in renal
transplant patients at three, six, and twelve months post transplantation.

Roy, et al.,
2006

44 adult Caucasian renal
transplant recipients.

The complete absence of CYP3A5*3 allele and the accumulation of less than three copies
of MDR-1 (T-129C, C3435T and G2677T) polymorphisms in renal transplant recipients
are associated with lower tacrolimus blood levels identifying these genotypes as markers
for patients requiring higher tacrolimus doses during the first week post transplantation.

Elens, et al.,
2007

150 adult liver recipients and
corresponding donors.

Donors’ ABCB1 genetic polymorphisms significantly influenced tacrolimus hepatic
concentrations of recipients, whereas the impact on blood concentrations seemed
negligible. Among these ABCB1 polymorphisms, the donor’s 1199G>A, and 2677G>T/A
SNPs seemed to reduce the activity of P-gp on tacrolimus in recipients.
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Mendes, et al.,
2009

30 Caucasian renal transplant
recipients.

Recipients receiving tacrolimus and heterozygous for the MDR1 1236 CT showed
concentrations 44.4% higher than those of wild-type individuals. Recipients carrying the
MDR1 2677G>T, A mutation showed tacrolimus concentration that were 44.7% higher
than the wild-type individuals.

Ulemat, 2010
57 Jordanian renal transplant
recipients and corresponding
donors.

Trough tacrolimus concentrations in stable kidney recipients of donors carrying at least
one T mutant alleles (2677TT or 2677GT) showed 27% higher trough concentration than
recipients of donors carrying homozygote wild 2677GG genotype.
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4.4. Current status of studies on impact of MDR1 polymorphism of donors in 

relation to tacrolimus level in Jordanian kidney transplant recipients during 

the early post transplantation period 

Up to date there is no study on the influence of donors MDR1 genetic polymorphism on 

tacrolimus dose requirements in Jordanian kidney recipients during the early period post 

transplantation.  

Taking together the facts of: 

1. presence of MDR1 in the kidney with proven contribution to tacrolimus 

excretion and having interplay with kidney metabolizing enzymes;  

2. the knowledge that the expression of MDR1 depends on genetic polymorphism 

in MDR1 gene; and  

3. that tacrolimus pharmacokinetics is not stable during early period post 

transplant,  

We hypothesized that donor MDR1 genotype may contribute to tacrolimus dose 

requirements in kidney recipients during that early unstable period post transplantation. 
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II. AIMS AND OBJECTIVES  

The present study was conducted to investigate the impact of MDR1 genetic 

polymorphism of donors on the pharmacokinetics of tacrolimus in Jordanian renal 

transplant patients during the early 6 months post transplantation. 

Specifically, the following objectives were the focus of the study: 

1. Estimate the mean dose, trough level and mean dose-adjusted level of tacrolimus 

in the study population, and compare it with the recommended doses and with the 

dose requirements in other population. 

2. Estimate the genetic frequencies of MDR1 G2677T/A allele in the study 

population. 

3. Evaluate the impact of donor MDR1 G2677T/A allele on tacrolimus doses, blood 

levels and dose adjusted concentrations. 
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III. METHODOLOGY 

1. Materials 

� Crimson Taq DNA polymerase (New England Biolab, USA). 

� 50 bp DNA step ladder (New England Biolab, USA). 

� dNTP (Promega Corporation, USA). 

� Nuclease free water. 

� Agarose; molecular biology grade. 

� Tris-base (Trishydroxymethylaminomethane); molecular biology grade. 

� EDTA (ethylene diamine tetraacetate disodium salt); analytical grade. 

� TBE (Tris- Borate- EDTA Buffer); molecular biology grade. 

� Boric acid; analytical grade (MERK, USA). 

� Ethedium bromide; molecular biology grade (Promega Corporation, USA). 

� Wizard Genomic® (DNA purification kit) (Promega Corporation, USA) (Cell 

lysis solution, Nuclei lysis solution, DNA rehydration solution, Protein precipitation 

solution, RNAse solution). 

� Rsa1 Restriction endonuclease (New England Biolab, USA). 

� Ban1 Restriction endonuclease (New England Biolab, USA). 

� MDR1 G2677T/A Primer (The Midland Certified Reagent Company). 

2. Equipment’s 

� PTC-100 Peltier Thermal Cycler (MJ research, USA). 

� Sigma 1-15 Microcetrifuge (Sigma Corporation, USA). 

� Horizontal cell (Bio-Rad, USA). 

� Power supply (Bio-Rad, USA). 

� UVP UV-Trans-illuminator (Alpha Imager, Alpha Innotech). 

� UVP gel documentation system (multi-image TM light cabinet). 
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3. Ethical approval 

The study was approved by the Local Research Ethics Committee of the King Hussein 

Medical Centre (KHMC) (Appendix I), and written informed consent (Appendix II) was 

obtained from all participants. 

 

4. Patients 

Consequent kidney transplant recipients treated with tacrolimus and attending regularly 

kidney transplant clinic at KHMC during the first six months post transplant and their 

corresponding donors were invited to participate in this study. All patients treated with 

tacrolimus used capsule formulation (Prograf®; Fujisawa, Munich, Germany). Both 

donors and recipients were asked to sign informed consent (Appendix II). 

 

4.1. Inclusion criteria 

Donors of kidney transplant recipients with the following characteristics: 

1. Recipient with newly transplanted kidney (zero time - 6 months). 

2. Recipient with current tacrolimus therapy.  

3. Recipient age >18 years. 

 4. Regular follow up visits during the early 6 months post transplantation.  

 

4.2. Exclusion criteria 

Donors of kidney transplant recipients with at least one of the following characteristics: 

1. Pregnant during study. 

2. Recipient taking medications known to have clinically significant interaction 

with tacrolimus such as azole antimycotics (e.g., fluconazole), macrolide 

antibiotics (erythromycin and clarithromycin), antiepileptic (phenobarbital, 
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phenytoin and carbamazepine), rifampin, metoclopramide. Exception was 

made for calcium channel blockers (CCBs) as treatment necessary. 

3. Recipient discontinuation of tacrolimus therapy. 

 

5. Data collection 

All donors participating in the study provided their demographic data. All kidney 

transplant recipients had clinical and laboratory assessment: patients were interviewed; 

tacrolimus doses as well as demographic and clinical data were obtained from medical 

files. All diseases that occurred post transplantation were assessed. Data collection form 

(Appendix III) was designed to include the following data: 

• Demographic data for donors and recipients 

• Transplantation and past medical history of recipients 

• Current drug treatment for recipients including route, dose, frequency and 

duration 

• Clinical laboratory data of recipients 

• Tacrolimus level and recommended dose at each clinic visit for recipients 

• History of rejection in recipients 

• Tacrolimus neurological, dermatological and miscellaneous ADRs in recipients 

 

6. Blood samples collection 

Blood samples (approximately 3 ml) were obtained from 53 Jordanian kidney transplant 

donors whose recipients were treated with tacrolimus. Blood was collected in EDTA-

tube for genotyping analysis and stored at 4oC until DNA extraction. 
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7. Tacrolimus concentration measurements 

All procedures of tacrolimus concentration measurements were performed in the 

clinical laboratory of the KHMC. Whole blood samples from patients were drawn in 

EDTA-tube during hospital stay post transplantation or during routine visits to 

nephrology outpatient clinic for drug concentration measurements. The concentrations 

were obtained directly at the laboratory. Trough concentration of tacrolimus was 

measured in whole blood by IMx Tacrolimus II assay which utilizes micro particle 

enzyme immunoassay (MEIA) in the Abbott IMx system (Tacrolimus II; Abbott 

Laboratories, Diagnostic Division, Abbott Park, IL. USA). Blood levels were reported 

for all patients, and dose-adjusted concentrations were calculated by dividing the 

concentration by the corresponding total daily dose on milligram per kilogram basis. 

 

8. Renal function assessment 

The function of the grafted kidney was assessed based on serum creatinine, blood urea 

nitrogen and creatinine clearance. The estimated creatinine clearance was calculated for 

each patient according to Modification of Diet in Renal Disease (MDRD formula) 

(Levey, et. al., 1999): 

GFR (ml/min/1.73 sq m) = 186.3 (SCr)
 -1.154 

x (age, yr)
 -0.203 

x 0.742 (if female), 

 

where age is expressed in years, SCr is the serum creatinine in mg/dL. 

In normal subject, serum creatinine level is 0.5–1.5 mg/dl, and creatinine clearance is 

approximately 120 mL/min (Comstock, 2002). 
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9. Genotyping analysis 

9.1. Extraction of genomic DNA from blood samples 

Commercial kit (Wizard genomic DNA purification kit, Promega), was used to extract 

genomic DNA from the whole blood samples. According to the kit manufacturer 

recommendation, the genomic DNA was extracted from all blood samples (Appendix 

IV). 

The DNA yield was confirmed by running the samples on 1 % agarose gel. In brief, 1% 

agarose solution was prepared in 0.5X Tris-boric-EDTA Buffer (TBE) and left to 

solidify at room temperature. After solidification, the gel was transferred to 

electrophoresis tank, which was filled with TBE buffer. After that 5 µl of DNA sample 

was mixed with 1 µl of 6x gel loading buffer and loaded into the well. Then the gel was 

run for approximately 1 hour at 130 volt and photographed by UV-documentation 

system. 

 

9.2. Polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) 

 
9.2.1. PCR-RFLP analysis of MDR1 G2677T/A 

PCR-Restriction Enzyme Assays was performed to detect the allele's variant in the 

present study. The sequences for the forward primer and reverse primer are shown in 

Table 8. The design of primers was made by Ms. Ola Diab (MSc Clinical Pharmacy).  

 
Table 8: Sequences and characterization of MDR-1 2677 allele primers 

 PRIMER TM FROM TO M.WT.

F 5'TTTAGTTTGACTCACCTTCCCG'3 52.97oC 12394871 12394892 6627.9 
g/mol 

R 5'TGTTTTGCAGGCTATAGGTGCC'3 54.84oC 12395078 12395099 6772.6 
g/mol 

F, forward primer; R, reverse primer, TM, melting temperature; M.WT, molecular 
weight, Positions of primers are according to NT_007933.14 accession number. 
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9.2.2. Preparation of primers 

Primers for amplification of MDR1 region were obtained from The Midland Certified 

Reagent Company as dried lyophilized powder. The working concentration required for 

PCR was 6.25 nM for each primer. In order to obtain such concentration, forward and 

reverse primers were prepared as following: 

− Forward primer (total amount supplied was 52.8 nmol) 

1. The tube with primer was centrifuged for 15 second at 3000 x g to collect the 

primer at the bottom of the tube. 

2. The powder was reconstituted with 84.48 µl Tris-EDTA Buffer (TE-buffer, 

Appendix IV) (pH = 8) in order to obtain a stock solution of primer with a 

concentration of approximately 625 nM, and was rehydrated for 2 minutes, then 

vortexed for 15 seconds. 

3. Then 6 µl of this stock solution was diluted with 54 µl TE buffer (pH = 8) to 

obtain master solution with a concentration of 62.5 nM. 

4. Working solution was prepared by diluting 6 µl of master solution with 54 µl of

10mM Tris buffer (pH = 8) to obtain the required concentration of 6.25 nM for 

PCR. 

5. Reverse primer (total amount supplied was 42.2 nmol). 

6. The reverse primer was prepared as described above for forward primer except 

that the whole amount of the primer was reconstituted in 67.5 µl of TE buffer 

(pH = 8). 

 

9.2.3. Preparation of PCR mix 

For preparation of PCR mix, we prepared two master mixes, master A containing ( ½ 

5X Crimson taq reaction Buffer/750mM MgSO4, forward primer (6.25 nM), reverse 
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primer (6.25 nM), nuclease free water) and Master B ( ½ 5X Crimson taq reaction 

Buffer, dNTP (10mM), Crimson taq (1.25U), nuclease free water). 

To prepare one PCR mix (final volume is 60 µl), the following components were 

collected in 0.2 ml PCR tube on ice: 

1. 7 µl GoTaq reaction Buffer/750mM MgSO4. 

2. 1.4 µl of 6.25 nM forward primer (6.25 nM). 

3. 1.4 µl of 6.25 nM reverse primer (6.25 nM). 

4. 2.8 µl DNA template. 

5. 1.4 µl dNTP mix, 10mM each. 

6. 0.35 µl Crimson taq DNA polymerase. 

7. Q.S with nuclease free water (20.65 µl). 

8. 25 µl mineral oil. 

After that the tube was centrifuged at 3000 x g for 10 seconds, and then placed in 

thermal cycler that has been heated to 95oC.

9.2.4. PCR conditions 

PCR was started with the following program: 

1. Initial denaturing at 95oC for 5 minutes 

2. 39 cycles of: 

• Denaturing at 94oC for 1 minute. 

• Annealing at 58oC for 1 minute. 

• Extension at 68oC for 1 minute. 

4. Final extension at 72oC for 10 minutes 

5. Store at 4oC

After that the annealing step was optimized according to the result of this PCR program. 
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9.2.5. Digestion of PCR product with Ban I/Rsa I 

PCR product was digested by BanI or Rsa I restriction endonucleases according to the 

enzyme manufacturer recommendations (New England Biolab, USA). The digestion 

mix was prepared for one reaction in 0.2 ml PCR tube to final volume of 15 µl on ice as 

following: 

1. 10 µl PCR product. 

2. 1.5 µl (10x) restriction buffer. 

3. 2.5 µl nuclease free water. 

4. 1 µl (5 units) restriction endonuclease. 

After that the mixture was pipetted, centrifuged at 3000 x g for 10 second to collect the 

mix at the bottom of the tube, and placed in incubator that has been preheated to 37oC. 

Then the PCR product was digested at 37oC for one hour.

9.2.6. Gel electrophoresis of digested product 

− Forming the gel (for a 2.5% gel, 115mL volume) (Sambrook and Russell, 2001): 

1. 2.87g of agarose was weighed into a 250 mL conical flask. 

2. 115mL of 1 X TBE was added and swirled to mix. 

3. Then it was microwaved for about 1 minute to dissolve the agarose. 

4. It was left to cool on the bench for 5 minutes down to about 60°C (just too 

hot to keep holding in bare hands). 

5. The gel was poured slowly into the gel tank. Any bubbles were pushed away 

to the side using a disposable tip. The comb was inserted and double checked 

that it was correctly positioned. 

6. It was left to set for at least 30 minutes. 
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7. 1 X TBE Buffer was poured into the gel tank to submerge the gel to 2-

5mm.depth. This is the running buffer. 

8. The first well was loaded with marker. 

9. The samples were loaded and finished the final lane with marker. 

10. Gel tank was closed, switched on the power-source, and the gel was run at 

130 volt (8 volt per cm). 

11. The progress was monitored by reference to the marker dye. 

12. The gel tank was switched off and unplugged. 

13. The gel was submerged gently in ethidium bromide solution. 

14. It was left to stain for 15 minutes at room temperature. 

15. The gel was de-stained by soaking in water for 5 minutes. 

16. The gel was removed from de-staining solution. 

17. The gel was carried to a UV light box (UV-trans-illuminator) and a picture 

of the fluorescent ethidium bromide-stained PCR product was taken with the 

Alpha Imager camera. Expected results of PCR-RFLP are shown in figures (5 

and 6) below:  

Figure 5: Schematic presentation of expected PCR result for the ABCB-1 
G2677T/A allele. Lane M: 100 bp DNA step ladder. Lanes 1-3: PCR product (229 bp). 
 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



37 

 

Figure 6: Expected RFLP product of ABCB-1 G2677T/A allele. Lane M: 50 bp DNA 
step ladder; Lane 1: Ban 1 digested RFLP product (186 & 23 & 20 bp); Lane 2: Rsa 1 
digested RFLP product (123 and 106 bp); Lanes 1 & 2: Wild type GG; Lane 3: Ban 1 
digested RFLP product (209 & 20 bp); Lane 4: Rsa 1 digested RFLP product (123 and 
106 bp); Lanes 3 & 4: Homozygote mutant type TT;  Lane 5: Ban 1 digested RFLP 
product (186 & 23 & 20 bp); Lane 6: Rsa 1 digested RFLP product (123, 82 & 24 bp);  
Lanes 5 & 6: Homozygote mutant type AA; Lane 7: Ban 1 digested RFLP product (209, 
187 & 22 & 20 bp); Lane 8: Rsa 1 digested RFLP product (123 & 106 & 24 & 82 bp);  
Lanes 7& 8: Heterozygote mutant type TA; Lane 9: Ban 1 digested RFLP product (186 
& 20 & 23 bp); Lane 10: Rsa 1 digested RFLP product (123 & 106 & 82 & 24 bp); 
Lanes 9 & 10: Heterozygote mutant type GA;  Lane 11: Ban 1 digested RFLP product 
(186 & 209 & 20 & 23 bp);  Lane12: Rsa 1 digested RFLP product (123 & 106 bp); 
Lanes 11 & 12: Heterozygote mutant type GT. 
 

10. Estimation of genotype frequencies 

Genotype frequencies for ABCB1 G2677T/A allele among Jordanian population were 

estimated from the results of PCR-RFLP test for 53 kidney transplant donors. This 

estimation was according to the following formulas (Brooker, 2005): 
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Also, genotype and allele frequency were compared with Hardy-Weinberg equilibrium 

and with other studies.  

 

11. Statistical analysis 

Before statistical analysis, data set was tested for normality of distribution using 

Kolmogorov-Smirnov Z test. All values were represented as means (± standard 

deviations). For statistical analysis based on different genotype groups, independent-

samples t-test was used. Wild genotypes were compared against the combined group of 

homozygote mutant genotype and heterozygote mutant genotype. 

 All calculations were performed with SPSS 17.0 for windows. P value < 0.05 was 

considered as statistically significant. 
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IV. RESULTS 

1. Demographic data 

58 kidney transplant recipients and 53 corresponding kidneys donors who met the 

inclusion criteria participated in the study; the remaining 5 donors were not available 

because there was no opportunity to contact them.  

Characteristics of recipients are summarized in Table 9.  

 

Table 9: Demographic data of Jordanian kidney transplant recipients and 
corresponding donors. 

Parameter N (%) or mean±SD 
(range) 

RECIPIENTS (n=58) 

Gender, N (%) 
Men 

 
37 (63.8%) 

Age  
[years, mean± SD (range)] 

36.29±10.39 
(19-63) 

Body mass index 
 [kg/m2, mean± SD (range)] 

24.5±4.65 
(14.3-36.7) 

Patients who were on HD* before transplantation, N (%) 49 (84.5%) 

Period of dialysis before transplantation 
[months, mean± SD (range)] 

14.16 ± 19.18 
(0-108) 

Patients who hade more than one transplantation, N (%) 1 (1.7%) 

Hospital stay during the last transplantation [days, mean± SD 
(range)] 

13.46 ± 5.6 
(6-28) 

Primary kidney disease, N (%)  
Hypertensive nephropathy  
Other (small kidneys, solitary kidney, urine obstruction) 
Glomerulonephritis  
Unknown 
Chronic pyelonephritis  
Diabetic nephropathy  
Polycystic Kidney Disease  

 
19 (32.8%) 
14 (24.1%) 
8 (13.8%) 
6 (10.3%) 
4 (6.9%) 
4 (6.9%) 
3 (5.2%) 
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Concomitant condition, N (%) 
Hypertension 
Diabetes mellitus 
Hyperlipidemia 
CAD** 
SLE*** 
Hepatitis C 

 

48 (82.8%) 
8 (13.8%) 
5 (8.6%) 
3 (5.2%) 
3 (2.4%) 
1 (0.8%) 

Post transplant conditions (Tacrolimus-induced), N (%) 
Post transplant hyperlipidemia 
Post transplant diabetes mellitus 
Post transplant hypertension 

 
18 (31%) 
11 (19%) 
8 (13.8%) 

History of rejection, N (%) 4 (6.9%) 

DONORS (n=53) 
Age of kidney donor at the time of 
transplantation [years, mean±SD (range)] 

33.17 ± 9.3 
(19-62) 

Gender of kidney donor, N (%) 
Men 

 
33 (56.9%) 

Type of donor of last transplant, N (%) 
Living related 
Living unrelated 
Cadaveric 

 
51 (87.9%) 
7 (12.1%) 
 0 (0%) 

* HD: hemodialysis, **CAD: coronary artery disease, ***SLE: systemic lupus erythematous 
 

All patients included in this study were of the same ethnic group (Caucasians). All of 

the recipients were followed up immediately post-surgery and up to 6 months; follow up 

data of 3 recipients during month four, 5 recipients during month five and 6 recipients 

during month six post-transplantation were not available.  All patients were maintained 

on triple therapy with tacrolimus as a base of immunosuppressive protocol, in addition 

to prednisolone, and one of antimetabolites; azathioprine or mycophenolate mofetil. The 

most commonly used medications were calcium channel blockers, n=51 (87.9%), beta-

blockers, n=31 (53.4%), proton pump inhibitors (PPIs) (omeprazole), n=29 (50%), H2 

receptor antagonists (famotidine), n=21 (36.2%), statins,  n=19 (32.8%), hydralazine, 

n=17 (29.3%), insulin, n=13 (22.4%), furosemide, n=8 (13.8%), doxazocin, n=8 

(13.8%). 
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Among 51 recipients using CCBs, 4 (6.9%) received amlodipine, 39 (67.2%) nifedipine, 

and 19 (32.8%) diltiazem. 

 

2. Changes in tacrolimus doses and blood concentrations over the first 
6 months post-transplantation 
 
The mean tacrolimus trough concentrations, tacrolimus weight-adjusted doses and 

tacrolimus dose-adjusted trough levels during the first 6 months post kidney 

transplantation are shown in Table 10.  

As seen in the table, during the first 3 months post-transplant, mean tacrolimus trough 

concentrations were higher than the target level (7-10 ng/ml); progressively declining 

towards month 4, after which  the average tacrolimus trough concentrations remained 

stable within the target level. Tacrolimus doses were progressively decreasing over six 

months post transplantation. Tacrolimus dose-adjusted trough levels were steadily 

increasing till the third month post transplantation after which they remained relatively 

stable.  
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Table 10: Mean tacrolimus concentrations, doses and dose-adjusted levels during the first six months in Jordanian kidney transplant
recipients (n=58)

Parameter, Mean ± SD
(Range)

Treatment period post transplantation (months)

1 (n=55) 2 (n=58) 3 (n=56) 4 (n=55) 5 (n=48) 6 (n=51)

Tacrolimus trough
concentration (ng/ml)

15.27±4.72
(8.65-30)

13.18±3.27
(8.2-20.33)

10.56±2.33
(6.77-20.45)

9.95±2.37
(6.6-15.7)

9.94±2.39
(5.8-16)

9.21±2.44
(4.9-19)

P* 0.001 <0.001 0.02 0.84 0.041

Tacrolimus weight-
adjusted dose (mg/kg/day)

0.19±0.03
(0.11-0.27)

0.15±0.05
(0.05-0.29)

0.11±0.05
(0.04-0.23)

0.095±0.04
(0.03-0.18)

0.083±0.04
(0.03-0.18)

0.077±0.04
(0.03-0.17)

P* <0.001 <0.001 <0.001 <0.001 <0.001

Tacrolimus dose-adjusted
trough level

(ng/ml per mg/ kg /day)

83.91±33.02
(39.4-175.1)

102.86±51.78
(34.3-238.5)

118.3±70.25
(36.1-287.2)

126.32±64.4
(44.3-360)

145.8±78.5
(54-341)

146.1±82.01
(46.3-374.5)

P* 0.001 0.006 0.299 0.021 0.511

*Paired t-test, compared to the previous month.
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3. Genotyping and allelic frequencies 

Among 53 kidneys transplant donors, 28 (52.8 %) were homozygote wild type (GG), 20 

(37.7%) were heterozygotes mutant (GT), and the remaining 5 (9.4%) were homozygote 

mutant type (TT), as shown in Table 11. Figure 7 shows PCR product and restriction 

fragment length polymorphism (RFLP) analysis of MDR1 G2677T/A polymorphism. 

 

Table 11: Frequencies of G2677T/A polymorphism in 53 Jordanian kidney 
transplant donors 

Genotype Number of subjects % 
2677GG 28 52.8 %
2677GT 20 37.7 %
2677TT 5 9.4 %

Allele frequency 
G allele                   72 % 
T allele                   28 % 

Using Hardy-Weinberg equilibrium (H-W), there was no significant difference between 

the current study finding and H-W expectation (p-value >0.05) by Chi-Square (Table 

12).

Table 12: Comparing genotyping results in present study with H-W expectation.
Genotype 

GG GT TT 
Present study 28 20 5

Hardy-Weinberg* 27 22 4
p** 0.26 

* H-W calculations are shown in Appendix VI,     ** Chi-Square 
 

Genotype and allelic frequencies of ABCB-1 in this study match reported results for 

Caucasian populations (Table 13). 
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Figure 7: 2% Agarose gel electrophoresis (0.5X TBE), undigested PCR and RFLP 
product of MDR1 G2677T/A allele. Lane M: 50 bp DNA step ladder; Lane 1, 4, and 7: 
undigested PCR product (229 bp) for 3 samples; Lane 2: Ban 1 digested RFLP product 
(209  bp); Lane 3: Rsa 1 digested RFLP product (123 & 106 bp); Lanes 2 & 3: 
Homozygote mutant type TT; Lane 5: Ban 1 digested RFLP product (186 bp); Lane 6: 
Rsa 1 digested RFLP product (123 & 106 bp); Lanes 5 & 6: Wild type GG; Lane 8: Ban 
1 digested RFLP product (209, 186 bp); Lane 9: Rsa 1 digested RFLP product (123 & 
106 bp); Lanes 8 & 9: Heterozygote mutant type GT. 
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Table 13: Frequencies of G2677T/A polymorphism in ABCB-1 gene in selected populations
Population

(Sample Size) G alleles T alleles A alleles GG TT GT AA AT GA Reference

Jordanian
(53) (72) 72% (28) 28% 0 (28)

52.8%
(5)

9.4%
(20)

37.7% 0 0 0 Present study

Jordanian
(43) (59) 68.6% (13) 27% 0 (21)

48.8%
(5)

11.7
(17)

39.5% 0 0 0 Ulemat, 2010

Jordanian
(96) (131) 76.2% (41) 23.8% 0 (49)

51%
(10)

10.4%
(37)

38.6% 0 0 0 Composite

Caucasian
(67) (75) 56% (59) 44% 0 (25)

36.9%
(17)

26.2%
(25)

36.9% 0 0 0 Innocenti, et.
al., 2009

Caucasian
(32) (59) 92% (5) 8% 0 (27)

84% 0 (5)
16% 0 0 0 Provenzani, et.

al., 2009
Caucasian

(280) (350) 63% (197) 35% (13) 2% (110)
39.5%

(34)
12%

(123)
44% 0 (6)

2%
(7)

2.5%
Gonzalez, et.

al., 2008
Caucasian white

(24) (35) 73% (13) 27% 0 (12)
50%

(1)
4%

(11)
46% 0 0 0 Mourad, et. al.,

2005
Caucasian

(50) (65) 65% (32) 32% (3) 3% (23)
46%

(8)
16%

(16)
32% 0 0 (3)

6%
Haufroid, et.

al., 2004
Caucasian

(453) (584) 64.4% (306) 33.8% (16) 1.8% (197)
43.5%

(60)
13.2%

(180)
39.7% 0 (6)

1.3%
(10)
2.2% Composite

Japanese
(181) (147) 40% (168) 46% (47) 14% (30)

16.6%
(32)

17.7%
(73)

40.3%
(1)

0.6%
(31)

17.1%
(14)
7.7%

Goto, et. al.,
2004

Japanese
(100) (43) 43% (39) 39% (18) 18% (14)

14%
(16)
16%

(35)
35%

(1)
1%

(11)
11%

(23)
23%

Tanabe, et. al.,
2001

Japanese
(281) (190) 41.1% (207) 44.8% (65) 14% (44)

15.7%
(48)
17%

(108)
38.4%

(2)
0.7%

(42)
14.9%

(37)
13.2% Composite
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4. Donor’s MDR1 G2677T/A genotype and tacrolimus dose 

requirements 

Dose-adjusted trough level (ng/ml per mg/kg/body weight), daily dose (mg/kg body 

weight), and trough concentration (ng/ml) of tacrolimus were compared among recipients 

of donors with different allelic status of MDR1 G2677T/A: recipients of donors carrying 

the GG genotype (homozygous wild type) and of those carrying at least one T allele (TT 

or GT) (homo- and heterozygous mutant type, respectively). Tacrolimus trough level, 

dose and dose-adjusted level did not differ significantly between different MDR1 

G2677T/A genotype groups during the first 6 months post transplant (Table 14, Figures 

8-13). 
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Table 14: Relation between donor's MDR1 G2677T/A genotype (n=53) and tacrolimus trough level, dose and dose-adjusted level during
the first 6 months post transplantation

M
on

th
 

Tacrolimus pharmacokinetic parameter, mean ± SD

Trough level (ng/ml) Weight-adjusted dose (mg/kg/day) Dose-adjusted trough level (ng/ml per
mg/kg/day)

Donor’s genotype Donor’s genotype Donor’s genotype

GG* TT/GT** P*** GG* TT/GT** P*** GG* TT/GT** P***

1
14.6±3.6
(n=26)

15.7±5.7
(n=24)

0.40 0.18±0.03 0.19±0.02 0.67 81.9±28.6 86.8±38.9 0.62

2
13.0±4.0
(n=28)

13.5±2.6
(n=25)

0.62 0.15±0.05 0.15±0.05 0.91 101±52.3 108.5±55.8 0.62

3
10.3±1.8
(n=27)

10.9±3.03
(n=24)

0.42 0.12±0.05 0.10±0.05 0.24 106.5±63.3 134.9±81.3 0.17

4
10.1±2.4
(n=27)

9.7±2.4
(n=23)

0.60 0.1±0.04 0.09±0.05 0.51 116.5±52.8 138.8±81.3 0.25

5
9.95±2.2
(n=24)

10.02±2.6
(n=20)

0.93 0.09±0.04 0.08±0.04 0.51 132.6±56.9 169.7±100 0.13

6
9.05±2.04

(n=26)
9.4±2.98
(n=20)

0.66 0.08±0.04 0.08±0.04 0.90 136.1±64.6 164.9±106.1 0.26

* Homozygote wild type, **mutant (homo & heterozygote carrying at least one T), *** t- test
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Figure 8: Box plot of tacrolimus dose-adjusted trough level in kidney transplant 
recipients versus donors’ MDR1 G2677T/A genotype, month 1. 
 

Figure 9: Box plot of tacrolimus dose-adjusted trough level in kidney transplant 
recipients versus donors’ MDR1 G2677T/A genotype, month 2. 
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Figure 10: Box plot of tacrolimus dose-adjusted trough level in kidney transplant 
recipients versus donors’ MDR1 G2677T/A genotype, month 3. 
 

Figure 11: Box plot of tacrolimus dose-adjusted trough level in kidney transplant 
recipients versus donors’ MDR1 G2677T/A genotype, month 4. 
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Figure 12: Box plot of tacrolimus dose-adjusted trough level in kidney transplant 
recipients versus donors’ MDR1 G2677T/A genotype, month 5. 

 

Figure 13: Box plot of tacrolimus dose-adjusted trough level in kidney transplant 
recipients versus donors’ MDR1 G2677T/A genotype, month 6. 
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5. Gender differences in relationship between donor’s MDR1 G2677T/A 

genotype and tacrolimus dose requirements 

Using independent-samples t-test, tacrolimus trough concentration, weight-adjusted dose 

and dose–adjusted trough level were compared among recipients of donors with different 

allelic status of MDR1 G2677T/A during the first 6 months post transplantation by 

recipients’ gender (Table 16). No significant differences in tacrolimus trough level, 

weight-adjusted dose and dose-adjusted level were observed in Jordanian male and 

female kidney transplant recipients when tested by donors MDR1 G2677T/A genotype 

groups.  
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Table 15: Relation of donor MDR1 G2677T/A genotype (n=53) and tacrolimus trough level, dose and dose-adjusted level in Jordanian
kidney transplant during the first 6 months post transplantation according to recipients’ gender.

M
on

th
 

Recipients
gender

Tacrolimus trough level (ng/ml),
mean ± SD

Tacrolimus weight-adjusted dose
(mg/kg/day), mean ± SD

Dose adjusted trough level
(ng/ml per mg/kg/day), mean ± SD

Donors genotype Donors genotype Donors genotype
GG* TT/GT** P*** GG* TT/GT** P*** GG* TT/GT** P***

1
Men 15.8±3.93

(n=13)
15.91±6.29

(n=17) 0.96 0.17±0.03 0.19±0.02 0.14 94.1±32.2 87.0±38.6 0.59

Women 13.38±2.86
(n=13)

15.28±4.13
(n=7) 0.24 0.196±0.02 0.190±0.03 0.71 69.7±18.7 86.1±42.8 0.25

2
Men 13.5±4.66

(n=15)
13.9±2.8
(n=18) 0.80 0.13±0.04 0.14±0.05 0.66 115.2±57.6 116.3±57.1 0.96

Women 12.39±3.13
(n=13)

12.46±1.49
(n=7) 0.96 0.17±0.05 0.16±0.05 0.93 84.67±41.69 88.63±50.71 0.85

3
Men 10.9±1.4

(n=14)
10.5±2.3
(n=18) 0.61 0.10±0.04 0.097±0.04 0.73 131.3±75.8 141.3±81.1 0.72

Women 9.66±1.9
(n=13)

11.83±4.8
(n=6) 0.17 0.14±0.05 0.12±0.04 0.49 79.68±31.2 115.7±86.5 0.19

4
Men 10.2±9.3

(n=15)
9.3±1.6
(n=17) 0.28 0.09±0.04 0.08±0.05 0.75 131.2±55.8 148.6±84.6 0.50

Women 9.91±1.72
(n=12)

10.91±3.69
(n=6) 0.44 0.11±0.04 0.11±0.04 0.98 98.3±41.4 111.2±70.2 0.63

5
Men 10.1±2.8

(n=14)
9.7±2.7
(n=15) 0.68 0.066±0.03 0.071±0.04 0.69 156.3±75.5 167.2±102.9 0.75

Women 9.77±1.12
(n=10)

11.1±2.55
(n=5) 0.19 0.10±0.04 0.10±0.05 0.98 109.3±47.9 135.9±83.4 0.54

6
Men 9.05±2.04

(n=26)
9.4±2.98
(n=20) 0.66 0.08±0.04 0.08±0.04 0.90 136.1±64.6 164.9±106.1 0.26

Women 9.25±1.79
(n=12)

10.48±1.98
(n=5) 0.23 0.09±0.04 0.09±0.05 0.96 112.6±40.2 158.1±127.9 0.27

* Homozygote wild type, **mutant (homo & heterozygote carrying at least one T), *** independent sample t- test
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6. Donor’s MDR1G2677T/A genotype and renal function in kidney 

recipients 
Serum creatinine concentration and creatinine clearance were compared among kidney 

recipients with different donor’s allelic status of MDR1 G2677T/A. Independent-

samples t-test was used for this analysis and data are shown in Table 15. No significant 

differences in renal function were found between different MDR1 G2677T/A genotype 

groups during the first 6 months post transplantation.

Table 16: Relation of donors’ MDR1 G2677T/A genotype to renal function in 
Jordanian kidney transplant recipients during the first 6 months post 
transplantation 

M
on

th Parameter, 
mean ± SD 

Donor’s MDR1 genotype  
P*GG Wild 

type  At least one T(TT or GT)

1
Serum creatinine (mg/dl) 1.3 ± 0.53 

(n=28) 
1.43 ± 1.05 

(n=25) 
0.61

Creatinine clearance 
(ml/min) 

65.11 ± 18.53 68.08 ± 21.58 0.59

2
Serum creatinine (mg/dl) 

1.21 ± 0.29 
(n=28) 

1.2 ± 0.23 
(n=25) 

0.85

Creatinine clearance 
(ml/min) 

68.32 ± 16.59 70.36 ± 13.46 0.63

3
Serum creatinine (mg/dl) 

1.26 ± 0.42 
(n=28) 

1.16 ± 0.21 
(n=25) 

0.30

Creatinine clearance 
(ml/min) 67.86 ± 20.28 71.17 ± 10.93 0.48

4
Serum creatinine (mg/dl) 1.24 ± 0.37 

(n=27) 
1.26 ± 0.35 

(n=23) 
0.84

Creatinine clearance 
(ml/min) 

69.3 ± 23.04 69.4 ± 20.57 0.99

5
Serum creatinine (mg/dl) 

1.23 ± 0.31 
(n=26) 

1.25 ± 0.24 
(n=22) 

0.85

Creatinine clearance 
(ml/min) 

66.6 ± 17.2 68.95 ± 18.63 0.65

6
Serum creatinine (mg/dl) 

1.22 ± 0.29 
(n=26) 

1.27 ± 0.25 
(n=21) 

0.55

Creatinine clearance 
(ml/min) 67.27 ± 17.2 67.0 ± 12.23 0.95

* independent-samples t- test  
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7. Impact of CCBs (diltiazem) on tacrolimus blood level, dose and 

dose-adjusted level in kidney transplant recipients  

To compare tacrolimus blood level, dose and dose-adjusted level in kidney transplant 

recipients who were prescribed diltiazem and those without diltiazem; we used 

independent-samples t-test (Table 17). Diltiazem had no significant effect on tacrolimus 

trough levels, dose and dose-adjusted trough level. 

Table 17: Relation of diltiazem use and tacrolimus trough level, dose and dose-
adjusted level in Jordanian kidney transplant recipients during the first 6 months 
post transplantation 

Month Parameter, 
mean ± SD 

Diltiazem prescribed 
P*

Yes (n=19) No (n=39) 

1

Tacrolimus trough level (ng/ml) 15.66 ± 3.92 14.64 ± 5.8 0.44
Tacrolimus dose (mg/kg/day) 0.19 ± 0.02 0.18 ± 0.03 0.48 

Dose-adjusted trough level  
(ng/ml per mg/kg/day) 83.7 ± 25.4 84.2 ± 43.4 0.96 

2

Tacrolimus trough level (ng/ml) 13.31±3.53 12.98±2.87 0.72 

Tacrolimus dose (mg/kg/day) 0.149±0.05 0.146±0.05 0.77 
Dose-adjusted trough level  

(ng/ml per mg/kg/day) 101.6±48.77 104.9±57.49 0.81 

3

Tacrolimus trough level (ng/ml) 10.4±1.85 10.8±2.95 0.53 

Tacrolimus dose (mg/kg/day) 0.11±0.05 0.11±0.05 0.86 
Dose-adjusted trough level  

(ng/ml per mg/ kg/day) 112.96±63.1 126.5±80.99 0.48 

4

Tacrolimus trough level (ng/ml) 10±2.55 9.87±2.11 0.84 
Tacrolimus dose (mg/kg/day) 0.094±0.04 0.096±0.04 0.82 

Dose-adjusted trough level 
(ng/ml per mg/ kg/day) 122.2±49.1 133.1±84.5 0.55 

5

Tacrolimus trough level (ng/ml) 9.86±2.37 10.1±2.48 0.76 

Tacrolimus dose (mg/kg/day) 0.084±0.04 0.082±0.04 0.79 
Dose-adjusted trough level  

(ng/ml per mg/ kg/day) 138.7±74.2 158.2±83.4 0.40 

6

Tacrolimus trough level (ng/ml) 9.52±2.6 8.69±2.1 0.24 

Tacrolimus dose (mg/kg/day) 0.08±0.03 0.08±0.04 0.77 
Dose-adjusted trough level  

(ng/ml per mg/ kg/day) 148.68±81.5 141.79±84.9 0.77 

* independent-samples t-test  
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8. Further analysis  

Independent-samples t-test and Chi square tests were used to compare demographic and 

clinical variables of donors and recipients according to donor’s MDR1 G2677T/A allelic 

status. Table 18 show that there were no significant differences in recipient's gender, 

age, weight, body mass index, donor gender, gender match between donor and recipient, 

corticosteroid dose, CCBs use, albumin or hematocrit levels, suggesting that these 

factors did not have impact on difference in tacrolimus blood level between the two 

genotype-based groups (donor GG ABCB1 genotype versus at least one T (GT or TT 

ABCB1 genotype). Kolmogorov-Smirnov Z test was used to test normality of each 

variable group used in our study. As shown in Table 19, all data were normally 

distributed. 
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Table 18: Relation of donor's MDR1 G2677T/A genotype to demographic and 
clinical variables in donors and recipients. 

Parameter 

Donors MDR1 G2677T/A genotype 
(n=53) 

P
GG –Wild 

(n=28) 
TT/GT mutant. At 
least one T (n=25) 

Age (years) 36.4 ± 11.4 35.3 ± 9.1 0.71* 

Weight (kg) 68.2 ± 16.4 70.2 ± 14.1 0.64* 

Body Mass Index (kg/m2) 24.6 ± 4.8 24.3± 4.8 0.85*

Albumin, month 1  12.0 ± 1.7 12.4 ± 1.9 0.57* 

Albumin, month 2  14.4 ± 6.9 13.2 ± 1.7 0.47* 

Albumin, month 3  12.8 ± 1.6 13.2 ± 1.4 0.42* 

Albumin, month 4  12.9 ± 1.3 13.3 ± 1.7 0.42* 

Albumin, month 5  13.3 ± 1.7 13.7 ± 1.4 0.55* 

Albumin, month 6  13.3 ± 1.7 13.7 ± 1.3 0.42* 

Hematocrit, month 1 37.0 ± 4.9 36.1 ± 5.9 0.56* 

Hematocrit, month 2 38.3 ± 4.4 38.2 ± 4.8 0.98* 

Hematocrit, month 3 38.4 ± 5.0 39.2 ± 4.3 0.52* 

Hematocrit, month 4 39.6 ± 3.8 39.2 ± 5.0 0.75* 

Hematocrit, month 5 40.7 ± 4.8 40.6 ± 5.4 0.94* 

Hematocrit, month 6 41.7 ± 4.3 41.8 ± 5.1 0.96* 

Prednisolone dose 15.98 ± 5.1 14.88 ± 5.6 0.46* 
Recipient gender 

observed (expected) 
M: 15 (17.4) 
F: 13 (10.6) 

M: 18 (15.6) 
F: 7 (9.4) 

0.17**

Donor gender 
observed (expected) 

M: 14 (15.8) 
F: 14 (12.2) 

M: 16 (14.2) 
F: 9 (10.8) 

0.31**

Gender match between donor and 
recipient  

observed (expected)  

M to M: 7 (9.5) 
M to F: 7 (6.3) 
F to M: 8 (7.9) 
F to F: 6 (4.2) 

M to M: 11 (8.5) 
M to F: 5 (5.7) 
F to M: 7 (7.1) 
F to F: 2 (3.8) 

0.37**

Diltiazem use  
observed (expected)  

Yes: 10 (11.1) 
No:18(16.9) 

Yes: 11 (9.9) 
No: 14 (15.1) 

0.54**

Data represented as mean ± SD, *independent-samples t- test. ** Chi square test. 
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Table 19: Normality of distributions in demographic and clinical variables in 
donors and recipients groups  

Variable  
Kolmogorov-Smirnov Z 

significance
Tacrolimus trough concentration (ng/ml) month 1 0.611 

Tacrolimus weight-adjusted dose (mg/kg/day) month 1 0.421 

Dose-adjusted tacrolimus concentration  
(ng/ml per mg/ kg/day) month 1 

0.166 

Tacrolimus trough concentration (ng/ml) month 2 0.097 

Tacrolimus weight-adjusted dose (mg/kg/day) month 2 0.975 

Dose-adjusted tacrolimus concentration 
(ng/ml per mg/ kg/day) month 2 

0.088 

Tacrolimus trough concentration (ng/ml) month 3 0.348 

Tacrolimus weight-adjusted dose (mg/kg/day) month 3 0.638 

Dose-adjusted tacrolimus concentration 
(ng/ml per mg/ kg/day) month 3 

0.005 

Tacrolimus trough concentration (ng/ml) month 4 0.354 

Tacrolimus weight-adjusted dose (mg/kg/day) month 4 0.532 

Dose-adjusted tacrolimus concentration 
(ng/ml per mg/ kg/day) month 4 

0.102 

Tacrolimus trough concentration (ng/ml) month 5 0.390 

Tacrolimus weight-adjusted dose (mg/kg/day) month 5 0.163 

Dose-adjusted tacrolimus concentration 
(ng/ml per mg/ kg/day)  month 5 

0.058 

Tacrolimus trough concentration (ng/ml) month 6 0.095 

Tacrolimus weight-adjusted dose (mg/kg/day) month 6 0.138 

Dose-adjusted tacrolimus concentration 
(ng/ml per mg/ kg/day) month 6 

0.050 

Recipient age (years) 0.427 

Weight (kg) 0.871 

Body mass index (kg/cm.cm) 0.943 
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V. DISCUSSION 

The clinical use of tacrolimus is complicated by its narrow therapeutic range and highly 

variable pharmacokinetics among various individuals. Some patients do not reach target 

concentrations using recommended initial doses of tacrolimus. They, therefore, have an 

increased risk of under immunosuppression and acute rejection during the early period 

post organ transplantation. The association of the ABCB1 gene SNP with tacrolimus 

dose requirements has been recognized as a genetic basis for the observed inter 

individual differences in pharmacokinetics (Macphee, et al., 2002; Anglicheau, et al.,

2003; Hesselink, et al., 2003; Tada, et al., 2005).  

In our study, MDR-1 alleles frequency (G allele: 72%, T allele: 28%) is consistent with 

data previously studied for Jordanian population (Ulemat, 2010), and with data 

previously published for Caucasian population (Haufroid, et al., 2004; Mourad, et al.,

2005; Gonzalez, et  al., 2008; Innocenti, et  al., 2009; Provenzani, et  al., 2009).  

Genetic polymorphisms of MDR1 may be important for tacrolimus pharmacokinetics 

since P-gp, the MDR1 product, is an important transport protein known to be involved 

in tacrolimus absorption in the gut, distribution across the body, metabolism and 

excretion (Li, D., et al., 2006; Taubert, et al., 2006). 

The proximal tubule in kidney plays an important role in the tubular secretion of 

tacrolimus. Tubular secretion can be considered a three-step process consisting of 

uptake across the basolateral membrane, intracellular accumulation, and efflux across 

the apical membrane. The uptake and efflux steps are mediated by a range of transport 

proteins located at the basolateral and apical membranes of proximal tubule cells, which 

act as an effective secretory mechanism (Colin, et al., 2008; Verhulst, et al., 2008).  

Kim et al. (1998) demonstrated, using a retrovirus expression system, that cells 

expressing the (T; Serine; mutant) P-gp variant had roughly a two-fold increased 
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transport activity for digoxin relative to the corresponding cells expressing the reference 

protein (G; Alanine; wild). Later, Kim et al. (2001) found that the 2677TT (mutant) 

genotype was associated with significantly lower plasma concentrations of the P-gp 

substrate fexofenadine, which is explained by a higher intestinal P-gp expression.  

On the other hand, it was reported that the G allele of G2677A/T polymorphism was 

associated with a higher expression level of P-glycoprotein in the placenta compared 

with other genotypes (Tanabe, et al., 2001). 

An important relation was noted for the exon 21 G2677T/A SNP in 81 renal transplant 

recipients, most of whom were Caucasian: tacrolimus dose requirement was 40% 

higher, and the concentration/dose ratio 36% lower in homozygous mutant than wild-

type carriers in renal transplant recipients at 1 month post transplantation (Anglicheau, 

et al., 2003). Another study found that recipients carrying the (T or A) mutation had 

tacrolimus concentrations 44.7% higher than that in the wild-type individuals (Mendes,

et al., 2009).  

In 86 Chinese renal transplant recipients, the MDR1 G2677T/A and C3435T gene 

polymorphisms were correlated with the whole blood concentration of tacrolimus, and 

in order to obtain similar blood concentration, patients with 2677GG and 3435CC 

genotype carriers should take the drug at a higher dose than those with 3435CT, 3435 

TT, or 2677 TT at three, six, and twelve months post transplantation (Wang, et al. 2005). 

Among 3435T allele carriers, a weak association was noted between recipients’ ABCB1 

polymorphism in exon 26 and tacrolimus dose requirements at 3 months after renal 

transplantation (Macphee, et al., 2002).  The homozygous carriers of the 3435T allele 

showed on average more than a twofold lower intestinal P-gp expression level 

compared to the CC genotype (Haufroid, et al., 2004).  
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Wavamunno & Chapman (2008) emphasized a need for prospective studies to explore 

the impact of genetic polymorphism of transport proteins in kidney donors that play an 

important role in recipient’s drug pharmacokinetics. Such studies are anticipated to 

improve utility of donor and recipient genotype testing in managing 

immunosuppression therapy.  

In a previous study in 57 Jordanian renal transplant recipients during stable post 

transplant period, trough tacrolimus concentrations in recipients of donors carrying at 

least one T mutant alleles (2677TT or 2677GT) showed 27% higher trough 

concentration than recipients of donors carrying homozygote wild 2677GG genotype. 

There was no significant difference in tacrolimus dose and tacrolimus dose-adjusted 

trough concentration between the two groups (Ulemat, 2010).   

The present study found a no significant relationship between G2677T/A donor's 

genotype and tacrolimus trough concentration in kidney transplant recipients during the 

early post-transplant period. Tacrolimus dose-adjusted trough concentration was not 

significantly different between patients who obtained kidney from donors with at least 

one mutant T allele and those who obtained kidney from donors with wild type allele.

Study of demographic and clinical variables in donors and recipients showed that there 

were no significant differences between the recipient groups based on donor MDR1 

genotype regarding recipient’s age, weight, BMI, albumin concentration, hematocrit 

concentration, corticosteroid dose, recipient’s and donor’s gender, gender match 

between donor and recipient, and use of diltiazem, suggesting that these factors did not 

interfere with the impact of MDR1 polymorphism on tacrolimus blood level. 

Potential justifications may explain the controversy of results between the published 

findings and findings of our study, including: 
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• The published studies performed in different types of solid organ 

transplantation, at different periods after transplantation, with different methods 

used to measure drug concentrations and some studies might have been 

statistically underpowered. 

• Differences in other genes involved in the pharmacokinetics of tacrolimus.  

• Conflicting results concerning alterations in P-gp expression and function 

among GG carriers or GT/TT carriers may suggest that sometimes the observed 

effect is not directly related to G2677T/A genotype, rather it is a reflection to 

other related SNPs at different sites (Sakeada, 2005; Yan-Hong, 2005; Zhou, 

2008). 

• Multiple studies have demonstrated a linkage disequilibrium between the non-

synonymous polymorphism in exon 21 and other SNPs in MDR1 including the 

exons 26 (C3435T) and 12 (C1236T), suggesting that the functional effects may 

be haplotype-dependent. Since the number of relevant haplotypes in MDR1 has 

been shown to significantly differ in various populations based on racial 

ancestry, determination of haplotype may prove to be important when assessing 

the effects of MDR-1 SNPs to in vivo functional consequences (Marzolini, et al.,

2005). Unfortunately, the effects of other SNPs were not investigated in our 

study, and haplotype analysis of MDR1 may be a superior method to analyze the 

effect of polymorphisms in this gene on the tacrolimus pharmacokinetics. 

• Differences in CYP3A genotype between donors and recipients could affect 

tacrolimus metabolism. 

• Renal transplant patients receive many medications that may alter P-gp 

expression and function thus, acting as inhibitors or inducers for tacrolimus.  
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The mean tacrolimus blood levels during month 1, 2 and 3 post transplantation were 

(15.27±4.72, 13.18±3.27, 10.56±2.33 ng/mL, respectively) being above the 

recommended range of (7-10 ng/ml), while during month 4, 5 and 6 levels were 

(9.95±2.37, 9.94 ±2.39 and 9.21±2.44 ng/mL, respectively) within the recommended 

range. Our results show that the mean doses required to achieve target levels of 

tacrolimus during the early 6 months were (0.19, 0.15, 0.11, 0.095, 0.083 and 0.077 

mg/kg/day, respectively) steadily decreasing during the first six months post 

transplantation. During the first 3 months post transplant doses were within 

recommended range (0.15–0.3 mg/kg/day) (Staatz and Tett, 2004) and very similar to 

doses used in European populations, [0.12 and 0.168 mg/kg/day (Margretier, 2002 and 

Thervet, et al., 2008), respectively] or American population (0.1 mg/kg/day) (Macphee, 

et al., 2002). However, doses during the period of 4-6 months in our study were lower 

than the recommended dose.  

The interactions between tacrolimus and diltiazem are believed to be complex due to 

diltiazem being substrate, inhibitor or even inducer of MDR1 protein, in addition to 

competitive inhibition of CYP3A (Zhou, 2008). In our study, there was a lack of 

statistically significant effect of diltiazem on tacrolimus dose requirements and dose-

adjusted level, even after dividing patients by donor’s MDR1 genotype.  

Changes in activity and expression of drug metabolizing enzymes, and/or modulation of 

active drug transport systems (e.g. P-gp) by sexual steroids may cause partly gender 

differences in drug action (Bies, et al., 2003; Fröhlich, et. al., 2004). Hosohata K (2009) 

found that intestinal CYP3A4 mRNA expression levels showed significantly higher 

values in women, but not in men carrying the 2677TT-3435TT haplotype than those 

with 2677GG-3435CC and 2677GT-3435CT haplotypes. There was no significant 

difference in tacrolimus trough level, dose and dose-adjusted level between different 
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Jordanian male or female renal transplant recipients stratified by donor MDR1 

G2677T/A genotype.  

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



64 

 

VI. CONCLUSIONS 

• Among the study population, the allelic frequency of 2677GG allele is 52.8%, 

2677GT allele is 37.7%, and 2677TT allele is 9.4%, consistent with other 

Caucasians.  

• There is no significant difference in tacrolimus trough levels in kidney 

recipients of donors carrying 2677GT or 2677TT alleles compared to those 

recipients who obtained kidneys from donors carrying 2677GG alleles during 

the early period post transplantation. 

• The impact of the kidney donors MDR1 2677G>T/A polymorphism on 

tacrolimus pharmacokinetics is insufficient to have a significant effect on 

clinical outcome of Jordanian renal transplant patients during early post 

transplant period.  

• Doses of tacrolimus that are necessary to achieve therapeutic levels among 

Jordanian kidney transplant recipients during the months 1, 2 and 3 post 

transplant are similar to the recommended doses and to those used in Western 

and American population, while during the months 4, 5 and 6 are lower than the 

recommended doses. 

• To establish the predictive role of the donor’s MDR1 gene polymorphism in 

tacrolimus pharmacokinetics, there is a need for a large multicenter prospective 

trial assessing the impact of different individual SNPs and haplotypes in a 

standard fashion in renal transplant patient population with corresponding 

donors that is uniformly treated and systematically evaluated at different periods 

post transplantation.  
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VII. STUDY LIMITATIONS 

1.  The number of study patients was small because of the high per patient cost of 

DNA technologies and the long follow up period of 6 months needed per 

patient. 

2. Because of the small sample size, we could not detect rare mutations and their 

impact on tacrolimus pharmacokinetic parameters, but our sample size matches 

other previously published studies. 

3.  Impact of other SNPs of the same gene and multi-genetic influences on 

tacrolimus pharmacokinetics and pharmacodynamics were not studied in the 

same population. 

 

VIII. FUTURE WORKS 

1. Increase the sample size of the study by involving more Jordanian kidney 

transplant recipients and their corresponding donors. 

2. Extend the scope of the study to include pharmacodynamics of tacrolimus.  

3. Assess the role of non-genetic factors on pharmacokinetics and 

pharmacodynamics of tacrolimus. 

4. Investigate the combined effect of different SNPs in MDR1 and CYP3A on the 

pharmacokinetics of tacrolimus, by using haplotype analysis. 
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Consent forms 
 

For both donors & recipients 
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Consent form
Aug 2010 
 
Title of study: Impact of genetic polymorphism of ABCB1 (MDR1) 2677G>T –A in 
kidney donors on tacrolimus level in Jordanian kidney transplant recipients during the 
early post transplantation period. 
 
Sponsor:  University of Jordan. 
 
Investigator:  
Student name: Ahmad Ali Saleem Masadeh. 
Department of Biopharmaceutics and Clinical Pharmacy/ Faculty of Pharmacy/ 
University of Jordan 
 
Subject Name: - ……………………………………………………………………… 
 
This consent form may contain words that you do not understand. Please ask the study 
investigator to explain any words or information that you do not clearly understand. 
 
The Nature and Purpose of This Study 
You are being asked to voluntarily take part in a research study which will involve only 
once drawing of 3 ml of blood for genetic study from your vein at the same time your 
blood sample for drug serum concentration will be obtained. The medications that you 
are taking will remain unchanged. 
The purpose of this study is to detect the relation of your genetic characteristics to the 
dosage requirements of your medication (Tacrolimus). 
 
Duration 
You will be enrolled in a study only for one day to obtain a blood sample. 
Enough subjects will be enrolled in order to study at least 40 blood samples. 
 
Explanation of Experimental Procedures to be followed  
If you do volunteer, it will be necessary to draw about 3 ml of venous blood at the same 
time as your blood drawing for Tacrolimus level. 
You will need to inform the investigator about your medical history and any 
medications you are taking. You must not participate if you are a female who is 
pregnant. 
 
Possible Risks/Discomforts       
None 

Benefits 
It is possible that following completion of this study better treatment program will be 
applied to yourself or future subjects with renal transplants. 
 
Payment 
You will not be paid for the participation of this study. Neither will you be expected to 
pay for any study-related expenses. 
Voluntary Participation 
You understand that participation in this study is voluntary. You understand that a 
decision not to participate in this study will not influence the availability of future 
medical care. 
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You understand that the investigator of the study can remove you from the study 
without your consent using his/her judgment. 
 
Contact or Questions 
If you have any questions during the study, contact: 
 Dr. Ibrahim Smadi, King Husain Hospital, Tel: 0777742667 
If you have any questions regarding your rights as a subject, you may contact: 5840840, 
Institutional Review Board/Institutional Ethical Committee (IRB/IEC) 
 
Who Will Know That I am in this study? 
Your records obtained while you are in this study will remain strictly confidential at all 
times. However, they will need to be made available to others working on sponsor's 
behalf, the Institutional Review Board and medicine regulatory authority [e.g. the Food 
and Drug Administration (FDA)]. 
By signing the consent form you agree to this access for the current study and any 
further research that may be conducted in relation to it. The information disclosed will 
remain confidential. 
 

Consent to Participate in This Study
I have read, or had read to me in my first language, the above information. The content 
and meaning of this information has been explained to me. I have had an opportunity to 
ask questions about this study and this consent form and have received answers that 
fully satisfied those questions. I have read all pages of this informed consent form, and I 
understand the consent form risks described. I freely and voluntarily consent and offer 
to take part in this study. By signing the consent form, I certify that all information I 
have given. Including my medical history is true and correct to the best of my 
knowledge. 
 
I understand that I will receive a copy of this consent form. 
 
I authorize the release of my medical records to the sponsor and the FDA. 
By signing this consent form I have not waived to the legal rights which I otherwise 
would have as a participant of a study. 
 
………………………………………………………..                     
Participant's Signature                                                                        Date 
(Or Subject's Legally Authorized Representative) 
 
………………………………………………………..                     
Person Obtaining Consent                                                                  Date 

…………………………………. 
 
Witness (if participant cannot read)                                                    Date 
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OPQاSTUوا WXYUZ[ ار]^_رة اZTabا

ObراcUا Wbل:ا efghiا klmnoiا pqا ABCB1 (MDR1) 2677G>T –A rst rsuimv نxtpnoyiا ez

.pة اpunyiة {��v m ا�iرعe�so} ezِ زرع اrsui ا�رد�kgg ��ل اo�i اmoiآpوxo|} ~ygiى

ObراcUا deرا:�gا�رد� ��}mhiا 
fgZhUا:
�im�iا:��tm|} �gs� est �yا� 

�lxg�iوا �lplp|iا �i�g�iا �|�/�i�g�iا �gsــــ�/آgا�رد� ��}mhiا 

ijkUا Wbا
 ……………………………………………………………………اZkTUرك

� � ¢�£xo�¢ ��m£yي ا�myoرة ا �pار واxyiا��z ه�� rst آmysت {s©z k¨ ا�§ل �mv¦ ا�iرا�� p¥iح.�
� ¢�£xªxv m£yح .أي آmysت أو {�m}xsت

ObراcUا mnض ه]qو OYrhs:
{k} �s ا�iم ez ��~ ا�xi¯ ا�iي �xف x�3��|lد {f¨ اm¥yiرآ� �vور ez درا�� �so|o� �g�vم ���

mه��§¢ eoiا �lى ا�دوxo|} سmg�i ¨}د �fgt ¨f} وا��ة �pyiه�. وki mه��§¢ eoiا �lأن ا�دو �s�iا {± ا
pg²o¢.

¨olأدو k} �n�mfyiا �tphiوا �gfghiا³¨ اx� kgv ���t ف أيm¥oاآ xرا�� ه�iه�� ا k} ضp²iا
)~ygiوpآmoiا(.

:اTUــــcة
.�ez �g�o درا�� �yiة xlم وا�� x��si µ�zل �fgt rst ا�iم

ه .rst ا���t x)40(¹·¸ ºد ا�¸·mص اesui اm¥yiرآez kg ه�� ا�iرا��

OYhaTUا Ou]hjTUاءات ا]x_ا ]ryz{:
eiاx� ��� �ol أن mًlورpª نxug� ¯tx�¢ 3إذا�tp¾ ىxo|} سmg�i ¯�xiا ~�� ez م�iا k} �s}

و kt ا�دو�l اmfo¢ eoiوmoi.m£iآpوygi~ا eªpyiا ¨·lرm¢ kt ¦�mniم ا�t  جmo�¢ فx�.
kgys�¢ ¯fإذا آ eرآm¥¢ أن �hl �º}m� ¨�§v kgu¥¢ أو.

OرآZkTUا }~ OXTa�TUت اZPkTUر واZا���:
� ¸eء

ObراcUا cا�SQ:
ºn�o|yiا ez ¨oim� º} صm·¸� أو ¨i º©zأ �g¾�t �Á� pzx¢ را���iل ه�� اmyإآ ��v kuyyiا k}.

OrUZTUت اZPz�Uا:
iه�� ا ez �gtx�iا ¨oرآm¥} ºvm�} ¨i لmyiا k} Âsn} أي ±zد �ol ki فx� �yهm|yiا ¨f} �s�l kiرا�� و�

�gimyiا Ãlرm�yiا k} أي ez.

OreS�Uا OرآZkTUا:
�gtxÄ را���iه�� ا ez رآ�m¥yiأ�¯ ¢�£� أن ا .ki وأ�¯ ¢�£� أن �pارك ��vم اm¥yiرآ� ez ه�� ا�iرا��
¨i �gsn�o|yiا �gn�iا �lmtpiا pzx¢ rst pqÆl.

.�|�mب {k ا�iرا�� �vون {xاo�z¨ ا��n|yi وpl��oi mً�zا¢�أ�¯ ¢�£� أmً©l أن اkuyl ¦�mni أن f} �s�l¨ ا�
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:Z�{�Uل أو ا�Zyzabر
:إذا آmن l�i¨ أي ا�m|�oر أmfqء ا�iرا��، r¾pl ا�¢�mل vــ

: ا�fl�yi اr�¥o|} )�gn�i اkg|�i,اpvاهmy³ �gدي.د (rsوآ �gfÄmv اضp}ري أm¥oا�,
 x�s¢0777742667ن

m|�oأي ا� ¨l�i نmــ إذا آv لm�¢ا� r¾pl �g�x�m�iا ¨�x�� صx�·v 5804804ر 
�|�Æyimv �³m·iا¾�� اpyiا ~sh} /�gا���� �fhsiا.

~{ Yrb[ف أ��Zk~ dرك dQ هmn اcUراOb؟
�lp� r�no� را���iء ه�� اmfqأ �gn�iا ¨¢�h� k} ةm�o|yiت اm}xs�yi�³. اm·iا¾�� اpyiا ~sh} جmo�l ��

 �|�Æyimv /ا�� �fhsiا �g�x�m�iت اm�s|iا k} أو أي �g��)واء�i�²اء واiا �|�Æ} (iÉع�Ä rst ه�� Ê�v
.اm}xs�yiت

en�iا ¨sh� ez تm}xs�yiا rst ع�Äا� rst mًgfyª Ëzاx¢ ¯رة أ�myoه�� ا�� rst ��zاxyimv ¨�g�xov
�gim�iرا�� ا�imv ���t m£i �}دm� ثx�v را�� أو أي�iض ه�� اp²i.

�Xe OPQاSTUاObراcUا mnه dQ OرآZkTUا:
:أ�p أ��

*pِ�ُ أت أوp� ئ����vm|iت اm}xs�yiا�م ا eo²sv ei.
eiو{�xoى* pُِ̧ح .{�rf ه�� اm}xs�yiت �� 
*efoªأر eoiت اmvm¾ ا ¯g�s¢ ار ه�� و��p� رة اmyoرا�� وا��iه�� ا kt رm|�o��i �³p�iي ا�i نmآ
m}my¢.

*myoت ا�m��³ ºأت آp� ���zx³xyiر اmار وا���p� رة اmyoا� �£zأ efأ� pه�� وأ� �s�imv ارp� رة ا.

:أ�dau]g �~Z�[ Z وا�Zraري
*،Ëzوأر أواzÊرا���iه�� ا ez رآ�m¥yiا.
*±g�xov �g�g�� ،en�iا e·lرm¢ �fy©o} ،m£og�tأ eoiت اm}xs�yiا ºأ¸£� أن آ ،��zاxyiرة اmyoا�

eyst �� rst ��g�³و.
*zأ�£efأ� r�s¢§� �s�imv ارp� رة اmyoا� kt �·|� 
 ا�iرا�� و�Æyi|� ا�²iاء وا�iواء e¢�h� plp�ov ا�gn�i إri راetأp³ُح*
*�i  أ¢·kt ºَ أي {e�x�� k اrst e�g�xov �g�x�m�i ا�myoرة ا �pار ه��

±g�x¢ ركm¥yiا)mًg�x�m� �ft ضx�} xه k} أو(Ðlرmoiا 
..................................................................................... ............................... 

 اmoiر�imÄ ±g�x¢ Ðl ا �pار
...................................................................................... ...............................

±g�x¢ ه�m¥iاÐlرmoiا 
………………………………………………………… ... ..............................
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Appendix III 
 

Data collection form 
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CRF No: 
Date of data collection:    

Administrative and Demographic Information 
Participant Name: Participant ID: 
Gender:    male                          female Date of Birth:                   Age: 
Height (cm): MD (consultant): 
Weight (kg): File No: 
BMI:                                  IBW: Admission Date: 
Underweight-Normal-Overweight-Obese-morbid Obesity Room No: 
General Health on a Scale of 10 ( 1 very bad-10 very good) Discharge Date: 
Smoking History  smoker  ex-smoker  never smoked Occupation: 
Ethnic Origin  black    Caucasian      others (specify)  Phone #: 
Nationality: Martial state: 
Family history:  Allergy: 
Lifestyle ( diet, exercise,alcohol,caffeine): Address: 

Transplant History  
Transplant number  HLA mismatches (A,B,DR, median/range)  
Last Transplant  HLA DR mismatches 0/1/2  
Donor's age at the time of 
transplantation 

 Donor's gender  

Donor's relation to 
recipient 

 Panel reactive antibody >50% (peak/at 
transplantation) 

 

Hospital stay (days)  Dialysis duration before transplantation (months) 

Primary kidney disease: 
 GM (Glomerulnerphritis) 
 Chronic pyelonephritis  
 Ig A nephropathy 
 Diabetic nephropathy 
 Hypertensive nephropathy 
 Polycystic Kidney disease 
 Other ( specify) 
 unknown 

Past medical History / surgery 
 
1………………………………… 
2…………………………………. 
3…………………………………. 
4…………………………………. 
5………………………………….. 
6………………………………….. 
7………………………………….. 

 

Acute and chronic medical 
problems (class/duration ) 
1…………………………………. 
2…………………………………. 
3………………………………….. 
4………………………………….. 
5………………………………….. 
6………………………………….. 
7………………………………….. 
 

Current Medication 

Indication Drug name 
Brand 

Drug name 
Generic Strength Frequency Route Duration
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Vital Signs and Lab Data (Intial and Follow Up) 

Date Last 
visit 

- 1
mo 

- 2
mo 

- 3
mo 

- 4
mo 

- 5
mo 

- 6
mo 

Immediate 
post Tx 

Baseline 
(before tr) Reference 

Wt           
Systolic BP           
Diastolic BP           

Pulse           
Resp.Rate           

Sr.Cr           
Cl.Cr           
BUN           

BUN/Cl           
Uric Acid           

Na           
K
Cl           
Ca           

PO4 

Mg           
Homocystein           

ALK.P           
ALT           
AST           
GGT           

Glucose           
PT           

a.PTT           
Bil.D           
Bil.T           

Albumin           
T.Protein           

PLT           
RBCs           
WBCs           

Hb           
Hct           

MCV           
MCHC           
MCH           

T.Cholestrol           
LDL-C           
HDL-C           

TG           
ESR           
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Date Tacrolimus level Tacrolimus dose Action 

History of rejection: 
1. Date__________________________________________________________________ 
2. Type__________________________________________________________________ 
3. Complains_____________________________________________________________ 
4. Physicalexam___________________________________________________________ 
5. Results of biopsy________________________________________________________ 

 6. Lab data (Cr, BUN, fluid ins/outs…) ________________________________________ 
 7. Treatment used__________________________________________________________ 
 
Tacrolimus neurological, dermatological and miscellaneous ADRs 

Characteristic Date & Duration 
Neurological ADRs  

Tremor  
Seizures  

Headache  
paresthesias  

Sleep disturbances  
Asthenia  
Dizziness  

Dermatological and cosmetic ADRs  
Pruritis & rash  

Alopecia  
Hirsuitism  

Gum hyperptophy  
Warts  

Hematologic ADRs
Anemia (N=136)  

Thrombocytopenia (N=93)  
Leucopenia (N=136)  

Other ADRs
Diarrhea  

Recurrent UTI  
Nausea & vomiting  

Infection  
Malignancies  
Hypertension  

hyperglycemia  
Dyslipidemia  

CVD  
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Appendix IV 
 

Extraction of genomic DNA from blood samples 

 

1. 900 µl of cell lysis solution was added to a sterile 1.5 ml micro-centrifuge 

tube. 

2. The tube of blood was gently rocked until thoroughly mixed; then 300 µl of

blood was transferred to the tube containing the cell lysis solution, and the 

tube was inverted 5 to 6 times to mix. 

3. The mixture was incubated for 10 minutes at room temperature (inverted 3 

times during the incubation) to lyse the red blood cells. The mixture then 

was centrifuged at 15000 x g for 20 seconds at room temperature. 

4. Supernatant was removed and discarded without disturbing the visible white 

pellet. 

5. Approximately 10 to 20 µl of residual liquid remained in the 1.5 ml tube. 

Then the tube was vortexed vigorously until the white blood cells were 

resuspended (20 seconds). 

6. 300 µl of nuclei lysis solution was added to the tube containing the 

resuspended cells; then the solution was pipetted 5 to 6 times to lyse the 

white blood cells. 

7. RNAse solution (1.5 µl) was added to the nuclear lysate and the sample was 

mixed by inverting the tube 10 times. 

8. The mixture was incubated at 37°C for 15 minutes, and then cooled to room 

temperature. 
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9. The protein precipitation solution (100 µl µl) was added to the nuclear lysate 

and vortexed vigorously for 20 seconds. Small protein clumps were visible 

after vortexing. 

10. The mixture was centrifuged at 15000 x g for 3 minutes at room 

temperature. A dark brown protein pellet was visible at the bottom of micro-

centrifuge tube. 

11. To precipitate the DNA, the supernatant was transferred to a clean 1.5 ml 

micro-centrifuge tube containing 300 µl of room temperature isopropanol. 

12. The tube was inverted several times until white threads of DNA were 

observed in the solution, and then the mixture was centrifuged at 15000 xg 

for 1 minute at room temperature. The DNA was visible as a small white 

pellet. 

13. Then the supernatant was decanted and 300 µl of room temperature 70% 

ethanol was added to the DNA. 

14. Tube was gently inverted several times to wash the DNA pellet and the sides 

of the micro-centrifuge tube, then the mixture was centrifuged at 15000 x g

for 1 minute at room temperature. The DNA was visible as a small white 

pellet. 

15. Ethanol was carefully aspirated by using a drawn Pasteur pipette connected 

to evacuated pump. After that the DNA pellet was air-dried for 15 minutes. 

16. DNA was rehydrated by addition of 100 µl of DNA rehydration solution. 

17. Finally, DNA was stored at 4 °C until further analysis. 
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Appendix V: 
 

Preparation of solutions and reagents 

 

0.5 M EDTA solution 

Add 186.1 gm of EDTA.2H2O to 800 ml H2O. Stir vigorously on a magnetic stirrer. 

Adjust pH to 8.0 with NaOH. 

Tris. Borate (TBE) Buffer (10X) 

1. 100 ml of ddH2O in 1000ml volumetric flask 

2. 21.8 gm Tris base 

3. 11.12 gm boric acid 

4. 1.48 EDTA (pH = 8.0). 

5. Adjust volume to 200 ml with ddH2O. 

Store in glass bottles at room temperature and discard any batches that develop a 

precipitate. 

Tris.Cl Solution (1 M) 

1. Dissolve 121.1 gm Tris base in 800 ml of H2O, adjust pH to 8 by adding 42 ml 

Concentrated HCl 

2. Allow the solution to cool to room temperature before making final adjustments to 

pH Adjust the volume of the solution to 1 liter with H2O. 

3. Dispense in aliquots and sterilize by autoclaving. 

Tris. EDTA Buffer (pH = 8) 

1. 10 mM Tris.Cl (pH = 8) 

2. 1 mM EDTA (pH = 8) 
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Appendix VI 
Hardy-Weinberg Equilibrium Calculation 

Number of Patients with GG (2 alleles of G) = 28 

Number of Patients with TT (2 alleles of T) = 5 

Number of Patients with GT (1 alleles each) = 20 

So; 

Number of G alleles is 28*2+20*1 = 76 

Number of T alleles is 5*2+20*1 = 30 

G allele frequency = 76/106 

= 0.72

T allele frequency = 30/106 

= 0.283 

According to the equation: 

G2+2GT+T2=1 …………………………………….equation 1 

To solve equation 1: 

(0.72) 2+ 2(0.72*0.28) + (0.28) 2 = 1

Number of patients expected in each genotype group according to H-W is; 

G2 = 0.514……………… 

Number of patients expected for GG in sample equal 53 is 0.514*53= 27 

T2= 0.080………………….. 

Number of patients expected for TT in sample equal 53 is 0.080*53= 4 

2GT=0.40752……………… 

Number of patients expected for GT in sample equal 53 is 2*53*0.72*0.28= 22 
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�� �����	 
����	 �� ABCB1 (MDR1) 2677G>T –A �����	 ��������� 


���� ��� ���������	 �� ���� ��	��������	 ����	 ��  
���!�"	 ����	

���	 !#���	.

!	!�	 

�!���� $��� ��� !�%� 

&�'��	 

!."�� )�*����� 

+��'��	 &�'��	 

!.&��� $,#��	 

- �� ��	�!�	 

�� ������	 
���	 ���� �	� ���� ��� ����������	 ����� ��	�� ���� �����	 ���

 � !	�� "�#� ��	��$	 %�  � &�	� '���� %�� �� �()*�	 �+,��	 ���  ����������	 �����

� ���	 �� ����������	 -��� ��.��� /���� � �*� 0)*�	 %� ���$	 ���	 1����� ��.��

��23��	 ���� ������	 
���	 %� ���� &2�4	 0)*�	�/�� ��	 /��5�	 &)� -�6! ���78 1	#

��	���	 �*  ��.%����  ���)( : &2� ��!���	 1������ �	 �� ��2	���	 &��+4	 ��*� 
* 

 1���( ��	�  /�5+��	ABCB1 )MDR1(� ������	 1�<(�	 �� /�<'� %�.����	 �8 

	���� ���7 1	���������������� ��>	���	 ">.��28 1��! �. � 1�	�� �(�� $ ������ �� ��?

 ��2	���	 &��+4	 ��*�ABCB1 (MDR1) 2677G>T –A -��� ��� �����  %��� ���	 ��

��	���	 �*  �� /�� ��	 /��5�	 &)� %�����$	 ����	 �.��� �� ����������	.
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28 ����� �7 �	���	 @#7 %� A�<�	 %������(�	 %�� ��	 ���	 ���(�	 ��� ����	 ��� �� ��

 ����	 ���	�� ���(�� � ���  &�*5�	 0)*�	 -��� � �&�*5�	 0)*�	 -��� ��(�	 �<(����

��	���	 �*  �� /�� ��	 /��5�	 &)� %�����$	.%��� ���� ����(�	 �*� ��	 ����� �� ���

�7���� )53(��  ���#��	 %�(�� C� �� �	��PCR-RFLP .D������� ����������	 1���(

 %��� ���� ����(�	 �*� ��	 ��� 	E��  �<����.� �� ����	 ���	� �� ��ABCB1 MDR1 ���

 �!���	G26677T/A .������ ������	 1���� �	� ���	�F�����	 G>�6��	 ��� &�6��	 ��

&��� ��� �<*� /�+� ��	 1) �.��	� �<��5�� %� %���	��	 � �5+��	 /��� �<�* ���6�<+8 

�*  %� ��	���	.

������	 :��	� �	��$	 :� C���� ����(�	 �*� ��	 %8 %� A+�� ������	 �	���	 H>���:%�

53 "��7 %�� C� ��28)52.8(%GG�20GT (37.7%) �5)9.4 (%TT:�����	 ���

����(�	 �*� ��	 %����� %��� ���	 %�.0)� -��� %� %���	��	 ��� &�*5�	 ����������	

 ����4	 %� /��	� ��� &!$	 ��� %����� %��� ��T)GT �	TT(��F ��� �<'8

 �� ����.� '���� -����	0)* ������(�	 �*� ��	 �� )(GG �	 ��<+�	 E��28�� �*  ���4	 

��	�� �����	.1�!��� K	 "��7 %�� ���'���� �����(��	 %� %���	��	 ����	 G�6�  %�

�<�	��	 ��(�	 %�� &��*� �-���L��	&$����	 :��� �����C�	��	 ��( �C� ���	 ��( �

C� ���	� C�	��	 ��( %�  ��	���	 ��������	 1	��! 1�� 2� ������ ����(� 

��������������	 %�����(��	 %� .:(� � ���	�( �. � 1�	���	 H>��� �%M	 ���$	�#%�*  

�� ��N	 ��-��4	 &�	�*�	 %� ���*.
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